
INFORMATIOAIAL LEAFLET NO. 187 

ASSESSMENT OF SPAWNING HERRING (Clupea harengus pallasii) STOCKS AT 

SELECTED COASTAL AREAS I N  THE EASTERN BERING SEA 

BY 

Louis H. Barton 

and 

David L. Steinhoff 

STATE OF ALASKA 

Jay S . Hammond, Governor 

DEPARTMENT OF Fl SH AND GAME 

Ronald 0. S koog , Commissioner 

Subport Building, Juneau 99801 

October 1980 



ASSESSMENT OF SPAWNING HERRING (Chpea h m m g u  p W G )  STOCKS AT 

SELECTED COASTAL WATERS IN THE EASTERN BERING  SEA^ 

BY 
Lou is  H. Bar ton  

and 

David L. S t e i n h o f f  

Alaska Department o f  F i s h  and Game 
D i v i s i o n  o f  Commercial F i s h e r i e s  

Subport  B u i l d i n g  
Juneau, A1 as ka 99801 

Th i s  i n v e s t i g a t i o n  was p a r t i a l l y  f i nanced  by t h e  No r th  P a c i f i c  F i she ry  
Management Counci l  under Cont rac t  No. 78-5. 



TABLE OF CONTENTS 

Page 

. . . . . . . . . . . . . . . . . . . . . . . . .  LIST OF FIGURES i 

. . . . . . . . . . . . . . . . . . . . . . . . .  LIST OF TABLES i i i 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Background . . . . . . . . . . . . . . . . . . . . . . . . .  
Specific Objectives . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  STUDY AREAS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  METHODS 

Aerialsurveys . . . . . . . . . . . . . . . . . . . . . . .  
Test Gi l lne t t ing  . . . . . . . . . . . . . . . . . . . . . .  
Gear Selectivity Studies . . . . . . . . . . . . . . . . . .  
Substrate Mapping . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Stock Identification 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RESULTS 

Aerialsurveys . . . . . . . . . . . . . . . . . . . . . . .  8 

Togiak Distr ic t  . . . . . . . . . . . . . . . . . . . .  9 

Security Cove Dis t r ic t  . . . . . . . . . . . . . . . . .  12 

Goodnews Bay Dis t r ic t  . . . . . . . . . . . . . . . . .  12 

Nelson Island-Cape Rornanzof . . . . . . . . . . . . . .  12 

Norton Sound Dis t r ic t  . . . . . . . . . . . . . . . . .  12 

Shorebased Studies . . . . . . . . . . . . . . . . . . . . .  12 

Gill Net Catches . . . . . . . . . . . . . . . . . . . .  15 

Relative Maturity and Sex Ratio . . . . . . . . . . . .  15 

. . . . . . . . . . . . . .  Growth and Stomach Contents 15 



TABLE OF CONTENTS (Conti nued ) 

Page 

. . . . . . . . . .  Age Composition o f  G i l l  Net Catches 20 

. . . . . . . . . .  S i z e  Composition of Gill Net Catches 24 

Gear S e l e c t i v i t y  . . . . . . . . . . . . . . . . . . .  24 

. . . . . . . . . . . . . . . . . . .  Spawning Habi ta t s  24 

S u b s t r a t e  D i s t r i b u t i o n  . . . . . . . . . . . . . .  24 

. . . . . . . . . .  Spawn D i s t r i b u t i o n  and Density 34 

Habi ta t  Des t ruc t ion  and Spawn Mor t a l i t y  . . . . . .  39 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Timing 40 

. . . . . . . . . . . . . . . . . . . . . . . .  D i s t r i b u t i o n  41 

Abundance . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

. . . . . . . . . . . . . . .  Age Composition and Recruitment 51 

Maturi ty  . . . . . . . . . . . . . . . . . . . . . . . . . .  5 3  

Stock Inves t i ga t ions  . . . . . . . . . . . . . . . . . . . .  54 

Spawning Hab i t a t s  and Egg Mor t a l i t y  . . . . . . . . . . . . .  55 

E f f e c t s  o f  Harvests  on Stock S t r eng th  . . . . . . . . . . . .  55 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  CONCLUSIONS 57 

. . . . . . . . . . . . . . . . . . . . . . . . .  ACKNOWLEDGMENTS 58  

LITERATURE CITED . . . . . . . . . . . . . . . . . . . . . . . . .  59 



LIST OF FIGURES 

Figure Page 

1 .  Eastern Bering Sea s tudy  a r e a ,  1978-1979 . . . . . . . . . .  3 

2. Percent  age composition of  he r r ing  cap tured  a t  Metervik Bay 
and Tongue Point  w i t h  v a r i a b l e  mesh g i l l n e t s ,  s p r i n g  1978 
and 1979 . . . . . . . . . . . . . . . . . . . . . . . . . .  21 

3. Percent  age composition o f  he r r ing  captured a t  S e c u r i t y  Cove 
(1 978),  Goodnews Bay (1 979) ,  Nelson I s .  , and Cape Romanzof 

. . . . . .  with  v a r i a b l e  mesh g i l l n e t s ,  s p r i n g  1978 and 1979 22 

4. Percent  age composition o f  he r r ing  captured a t  Cape Denbigh, 
Por t  Cl a r ence ,  and Shi s hmaref w i  t h  va r i  ab l e  mesh gi 11 n e t s ,  
s p r i n g  1978 and 1979 . . . . . . . . . . . . . . . . . . . .  23 

5. Mean s i ze -a t - age  o f  he r r ing  captured a t  s e l e c t e d  coas t a l  
. . . . . . .  a r e a s  i n  t h e  e a s t e r n  Bering Sea, sp r ing  1978-79 26 

6. Comparison of  age and sex  compositions of  he r r ing  sampled 
w i t h  v a r i a b l e  mesh g i l  l n e t s  and commercial purse s e i n e s  a t  
Tongue Poin t  on 15 May 1979 . . . . . . . . . . . . . . . . .  27 

7. Comparison of age and sex compositions o f  he r r ing  sampled 
wi th  v a r i a b l e  mesh g i l  l n e t s  and commercial purse s e i n e s  a t  
Metervi k Bay on 24 May 1979 . . . . . . . . . . . . . . . . .  29 

8. D i s t r i b u t i o n  of  Fucun sp .  and he r r ing  spawn i n  the Kulukak 
Bay a r e a ,  5-1 1 May 1979 . . . . . . . . . . . . . . . . . . .  30 

9. Vegetation s tudy  p l o t s ,  d i s t r i b u t i o n  of F u u  sp . ,  and 
he r r ing  spawn a t  Metervik Bay, 7 May 1979 . . . . . . . . . .  31 

10. D i s t r i b u t i o n  o f  fucun sp.  i n  Ungal ikthluk and Nunavachak 
Bays ,6 -7  June 1979 . . . . . . . . . . . . . . . . . . . .  32 

11. D i s t r i b u t i o n  o f  Fucun sp . ,  Zobkehu s p . ,  and he r r ing  spawn a t  
. . . . . . . . . . . . . . . . . .  Tongue Po in t ,  sp r ing  1979 33 

12. D i s t r i b u t i o n  of  ZoaRem and he r r ing  and c a p e l i n  spawn a t  
Goodnews Bay, s p r i n g  1979 . . . . . . . . . . . . . . . . . .  35 

13. D i s t r i b u t i o n  of Fucun sp .  and he r r ing  spawn a t  Nelson I s l a n d ,  
s p r i n g  1976 and 1979 . . . . . . . . . . . . . . . . . . . .  36 

14. D i s t r i b u t i o n  of FUCM spp. and he r r ing  spawn i n  t h e  Cape 
Romanzof a r e a ,  sp r ing  1978 and 1979 . . . . . . . . . . . . .  37 

15. D i s t r i b u t i o n  of FUCU sp .  and Zoskeha sp .  i n  the Cape Denbigh 
i n t e r t i d a l  a r e a ,  s p r i n g  1978 and 1979 . . . . . . . . . . . .  38 



LIST O F  FIGURES (Continued) 

Figure Page 

16. Temporal changes i n  length and age composition of spawning 
herring runs observed from 30 April through 10 June i n  
Metervi k Bay, 1979 . . . . . . . . . . . . . . . . . . . . . 42 



LIST OF TABLES 

Table Page 

. . . .  1 . Eastern Bering Sea herring ae r i  a1 survey index areas 4 

2. Character is t ics  and indices used t o  determine the r e l a t i ve  
maturity of Paci f ic  herring . . . . . . . . . . . . . . . .  7 

3.  Relative s i z e  and abundance of f i s h  schools i n  the  Togiak 
D i s t r i c t  of Bristol  Bay, based on ae r i a l  survei l lance  from 
30Apr i l  through26May . . . . . . . . . . . . . . . . . .  10 

4. Relative s i z e  and abundance of f i s h  schools i n  the Yukon- 
Kuskokwim Delta a r e  based on ae r i  a1 survei 11 ance from 8 May 
through 31 May 1979 . . . . . . . . . . . . . . . . . . . .  13 

5. Relative s i z e  and abundance of f i s h  schools i n  Norton Sound 
based on ae r i a l  survei l lance  from 15 May through 22 June 
1979 . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

6. Variable mesh g i l l n e t  e f f o r t ,  t o t a l  catch and herring catch 
a t  seven coastal  a reas ,  spr ing,  1979 . . . . . . . . . . . .  16 

7. Variable mesh g i l l n e t  catch composition by f i s h  family a t  
seven coastal  areas i n  the eas tern  Bering Sea, spring 
1979 . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

8. Surface water temperatures (OC) a t  se lected coastal  areas in  
. . . . . . . . . . . .  the  eas tern  Bering Sea, spring 1979 18 

9. Sexual maturi ty (percent)  by age c lass  of spring herring 
sampled from Bristol  Bay t o  southern Chukchi Sea, 1979 . . .  19 

10. Mean standard length (mm) a t  age of herring sampled from t e s t  
g i l l n e t s  a t  selected coastal  areas i n  the eas tern  Bering Sea 
from 28 April through 2 July 1978 and 1979 . . . . . . . . .  25 

11 . Age composition and s t a t i s t i c a l  comparisons of herring 
sampled w i t h  variable mesh g i l l n e t s  and purse seines a t  . . .  se lected coastal areas i n  the eas tern  Bering Sea, 1979 28 

12. Biomass est imates in metric tons by index area of eas tern  
Bering Sea herring spawning s tocks ,  1978 . . . . . . . . .  46 

13. Biomass est imates i n  metric tons by index area of eas tern  
Bering Sea herring spawning s tocks ,  1979 . . . . . . . . .  47 

14. Variable mesh g i l l n e t  ca tch,  t o t a l  f i s h  and herring,  and 
pe r cen the r r i ng ,1979  . . . . . . . . . . . . . . . . . . .  50 



LIST O F  TABLES (Continued) 

Ta bl e Page 

15. Biomass (mt) , nearshore cornmerci a1 harvest and exploi ta t ion 
r a t e  o f  eastern Bering Sea herring i n  1978 and 1979 . . . . 56 



ABSTRACT 

A 2-year study of Paci f ic  herring,  Clupea ha tLeny~  p & a i i ,  was conducted 
by the Alaska Department of Fish and Game along the eastern Bering Sea 
coast  from Bristol  Bay t o  Bering S t r a i t  t o  assess  biomass and d i s t r i bu t i on  
of spawning populations as well as t o  co l l e c t  o ther  biological baseline 
data.  Aerial surveys were used as the primary tool f o r  gathering informa- 
t ion on timing, d i s t r i bu t i on ,  and abundance, while ground crews deployed 
t o  se lected areas along the  coast  obtained data on age, sex, s i z e ,  and 
maturity composition using var iable  mesh g i l l  nets  t o  sample w i t h i n  major 
spawning areas.  

Major herring spawning concentrations occurred i n  the  Togiak D i s t r i c t  of 
Bristol  Bay, Securi ty Cove, Goodnews Bay, Nelson Island,  and Cape Romanzof 
i n  the Yukon-Kuskokwim area ,  and a t  Kli k i t a r i  k and Cape Denbigh i n  Norton 
Sound. Herring a re  known t o  spawn i n  the  Shishmaref and Kotzebue a reas ,  
b u t  occurrence of spawning and assessment of spawning biomass have not been 
documented north of Bering S t r a i t .  Generally, spawning occurred e a r l i e s t  
i n  the  Togiak D i s t r i c t ,  and progressively l a t e r  i n  northern areas.  Older 
herring arr ived on the spawning grounds and spawned e a r l i e r  t h a t  younger 
herring. The a r r iva l  and peak of spawning was e a r l i e r  i n  1978 and 1979 
than i n  p r io r  years where data a re  avai lable .  

Mi grat ion corr idors  fo r  adul t  , and feeding areas f o r  juvenile herring have 
been t en t a t i ve ly  iden t i f i ed  i n  the  Togiak Dis t r i c t .  Age composition of a l l  
s tocks sampled indicated t h a t  the 1972, 1974, and 1976 year c lasses  were 
strong i n  both study years.  Sexual maturity was a t ta ined primarily a t  age 
3 and 4 i n  1978 and 1979; a larger  proportion of age 2 herring were sexually 
mature i n  1979 than i n  1978. In general ,  sexual maturity i s  a t ta ined a t  an 
e a r l i e r  age i n  the southern Bering Sea than in northern areas.  

Abundance of herring i n  the  eas tern  Bering Sea appears t o  have increased 
s ince  1978 i n  a l l  major coastal  areas.  Total spawning biomass i s  estimated 
t o  have ranged from 187,210 t o  334,723 m t  i n  1978, and from 258,079 t o  
637,583 m t  i n  1979, an indicated 27% increase a t  the lower range. The l a r -  
gest  r e l a t i ve  biomass increase s ince  1978 occurred i n  Securi ty Cove and 
Goodnews Bay. Analysis of the  d i s t r ibu t ion  of the spawning biomass i n  1979 
shows t h a t  84% of the t o t a l  biomass spawned i n  the  Togiak D i s t r i c t ,  13% i n  
the Yukon-Kuskokwim area ,  and 3% i n  Norton Sound. Biomass d i s t r ibu t ion  in  
1978 was 92%, 5%, and 3%, respectively.  Nearshore commercial f i s h e r i e s  in 
1979 removed an estimated 5% of the  t o t a l  low range of spawning biomass; 5% 
i n  Bristol  Bay, 1% in  the Securi ty Cove-Goodnews a rea ,  and 17% i n  Norton 
Sound. 



INTRODUCTION 

Background 

This report presents resul ts  of the Alaska Department of Fish and Game 
(ADFAG) research on eastern Bering Sea herring (Clupecc hengccn p G L e e u ~ )  
parti a1 ly funded by the North Pacific Fishery Management Counci 1 (NPFMC) 
from March 1978 through September 1979, a period tha t  included two herring 
spawning seasons. Lack of baseline information on eastern Bering Sea 
herring spawning stocks, together with responsibility of the NPFMC to  
develop a fishery management plan for  th i s  species within the offshore 
Fishery Conservation Zone (FCZ) prompted these studies. The Fishery Con- 
servation and Management Act of 1976 requires the NPFMC to  prepare a f inal  
management plan based upon the "best avail able" information. 

The need fo r  research i s  especially urgent in  view of the rapidly growing 
inshore domestic f isheries .  Following inception of the inshore herring 
sac roe f isheries  in  the eastern Bering Sea in the mid 1 9 6 0 ' ~ ~  herring 
catches and fishing e f fo r t  remained low until  recent years. Due to  favor- 
able market conditions and h i g h  prices for  sac roe herring, both catch and 
ef for t  have dramatically increased since 1977. A record domestic harvest 
of nearly 12,000 metric ton (mt) of herring and 200 m t  of spawn-on-kelp 
with a combined ex-vessel value of nearly $8.5 mi 1 lion was landed in 1979. 

As primary management agency fo r  inshore f i sher ies ,  the ADF&G has acquired 
information on herring spawning stocks in the study area since the early 
1960's. Consequently, ADF&G contracted with the NPFMC to  conduct the studies 
forming the subject of t h i s  report. 

Specific Objectives 

Research objectives were t o  describe and monitor separate spawning stocks 
of herring and t o  evaluate the i r  di s t r i  buti on, abundance, and spawning 
success along the eastern Bering Sea coast. A secondary objective was to  
evaluate abundance survey methods for  val idi ty ,  practical i t y ,  and future 
application. Some of the specific objectives were as follows: 

1) Describe the spatial  and temporal distribution and relat ive abun- 
dance of spawning herring a t  selected s i t e s  in the eastern Bering 
Sea; 

2) Evaluate estimation methods of surface area and biomass of herring 
and other forage f i sh  schools observed during aer ial  surveys; 

3) Monitor age, sex, s ize ,  and re la t ive  maturity of herring stocks by 
gear types a t  selected s i t e s  in the eastern Bering Sea; 

4) Interpret stock strength and determine to  what extent stock strength 
i s  affected by commercial harvests; 

5) Monitor type and extent of spawning substrates and spawn deposition 
a t  selected s i t e s  in the eastern Bering Sea; and 



6 )  Integrate these s tudies  w i t h  National Marine Fisheries Service 
(NMFS) offshore herring s tudies  and supply supplemental data and 
specimens t o  NMFS t o  f a c i l i t a t e  stock d i f fe ren t ia t ion  e f fo r t s .  

STUDY AREAS 

The study area was a l l  coastal  waters of the eastern Bering Sea from Port 
Mo1 1er t o  Bering S t r a i t ,  a shoreline di stance of approximately 4,000 kin 
(Figure 1 ) .  Aerial surveys covered most of t h i s  coast l ine  i n  1978, b u t  i n  
1979 was r e s t r i c t ed  to  north of 58" N .  l a t i tude .  The area south of 58" N .  
l a t i t ude  was not surveyed i n  1979 i n  view of the  high monetary costs  required 
together w i t h  the f a c t  t h a t  very few spawning herring were observed in  t h i s  
region from 1976-1978. Shorebased s tudies  were carr ied out a t  e ight  coastal 
locations from Bristol  Bay t o  Port Clarence: Metervik Bay, Tongue Point, 
Security Cove, Goodnews Bay, Nel son Is1 and, Cape Romanzof , Cape Denbi gh , 
and Grantley Harbor. Goodnews Bay was only sampled in 1979 and Security 
Cove i n  1978. Remaining areas were sampled i n  both years. 

These e igh t  locations typify major herring spawning areas in  the eastern 
Bering Sea. W i t h  the exception of Grantley Harbor and Goodnews Bay, remain- 
ing areas can be described a s  rocky headlands which a re  exposed to  extreme 
weather and sea conditions. The rockweed, Fucun sp. ,  i s  the  dominant in te r -  
t i da l  vegetation and i s  subject  t o  disturbance from frequent storms and 
possible i ce  scouring during winter months. Grantley Harbor i s  par t  of an 
extensive es tuar ine  area formed by the  mixing of freshwater from Imuruk 
Basin and marine waters of Port Clarence. Present data indicate  spawning 
herring populations pass through Grant1 ey Harbor enroute t o  Imuruk Basin, 
a shallow area where eelgrass ( Z o n X m  sp. i s  a common substra te .  Like- 
wise, Goodnews Bay i s  a shallow body of water w i t h  a sand and mud bottom. 
Eelgrass i s  the  dominant subtidal  vegetation. Both Imuruk Basin and Good- 
news Bay a re  subject  t o  extensive i ce  scouring. 

Coastal waters north of Cape Romanzof a r e  l e s s  sa l ine  and remain i c e  covered 
f o r  a longer period due to  freshwater intrusion from several major r i ve r s ,  
the l a rge s t  of which i s  the Yukon River. 

METHODS 

Aerial Surveys 

A t  l e a s t  three  aer i  a1 reconnaissance surveys were flown throughout the  
study region following ice  breakup t o  determine timing of spawning herring 
stocks. Sixteen index areas were established along the  coast f o r  analysis  
and presentation of ae r ia l  survey r e su l t s  (Table 1 ). Most index areas a re  
adjacent t o  major herring spawning areas ident i f ied  from pr ior  research i n  
the eastern Bering Sea. Surveil lance of primary spawning areas was made 
as frequently as possible a f t e r  a r r iva l  of herring. Additional surveys 
were conducted in major spawning areas t o  moni t o r  s i z e ,  e f f o r t ,  and d i s t r i -  
bution of commercial herring f l e e t s .  
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Table 1 . Eastern Bering Sea herr ing a e r i a l  survey index areas .  

Index Area Description 

Nushaga k 

Kulukak 

Nunavachak 

Ungal i kthl u k  

Togiak 

Matogak 

Secur i ty  Cove 
I 

f Goodnews Bay 

Nelson Is1 and 

Cape Romanzof 

K1 i ki t a r i  k 

Unal a kl e e t  

Cape Denbigh 

Norton Bay 

Golovin Bay 

Bl uff 

From approximately 10 miles south of K i  ke r t a l  i k Lake t o  west 
s p i t  of Tvativak Bay. 

From west s p i t  of Tvativak Bay t o  Right Hand Point 

From Right Hand Point t o  Ungali kthluk Point .  

From Ungalikthluk Point  t o  Togiak Point .  

From Togiak Point  t o  Tongue Point.  

From Tongue Point  t o  Asigyukpak Sp i t .  

From Cdpe Newenham t o  entrance of Chagvan Bay. 

All waters of Goodnews Bay. 

From Kolavinarak River t o  Ningl ick  River (Hazen Bay). 

From Hooper Bay v i l l a g e  t o  Scammon Bay v i l l  age. 

From Cape Stebbins t o  Unalakleet River including S t u a r t  Is land.  

From Unalakleet River t o  Shaktoolik River. 

From Shaktoolik River t o  Point  Dexter. 

From Bald Head t o  Cape Darby. 

From Cape Darby t o  Rocky Point.  

From Rocky Point t o  Cape Nome. 



Surveys were conducted from chartered s ing le  engine, fixed-wing a i r c r a f t  a t  
a l t i t udes  ranging from 75 to  500 m and airspeeds of about 160 t o  260 km/hr.  
Data were recorded e i t he r  d i r ec t l y  onto ae r ia l  survey forms o r  i n to  portable 
tape recorders f o r  subsequent t ranscr ipt ion onto forms. The number, s i z e ,  
and location of sighted f i s h  schools were noted on ae r i a l  survey maps. 
Additional data collected during each survey included a l t i t u d e ,  date ,  time, 
weather and sea conditions, occurrence of predators, and commercial and 
subsistence f ishing e f fo r t .  Polaroid sung1 asses were used t o  reduce s u n -  
glare and enhance water depth v i s i b i l i t y .  Each survey was given an overall  
r a t i  ng by the  observer rangi ng from excel 1 ent  t o  unacceptabl e ,  based upon 
v i s i b i l i t y  conditions a t  the  time the  survey was flown. 

The r e l a t i v e  abundance of f i sh  was estimated by recording sighted f i s h  
schools i n to  one of f i ve  categories:  ( 1 )  small schools (estimated surface 
area of l e s s  than 50 m2), (2 )  medium 1 schools (surface area between 50 t o  
254 m2), (3 )  medium schools (surface area between 50 t o  450 m2), (4 )  medium 
2 schools (surface area between 255 t o  450 m2), and (5) large  schools (sur-  
face area greater  than 450 m2). Further, the  surface area of each large  
school was estimated and recorded. These same s i ze  categories were used 
in previous ADF&G herring surveys i n  the  eastern Bering Sea (Barton 1978; 
Barton e t  a l .  1977). 

The following techniques were used i n  obtaining surface area estimates of 
f i s h  schools: (1 ) observing schools through handheld gr ids  cal ibra ted f o r  
various a1 t i  tudes , (2)  traversing large schools a t  known airspeeds and 
using a s top watch to  determine school s i z e ,  (3)  comparing school s i z e  w i t h  
known distances between geographical land fea tures ,  and (4)  comparing 
school s i z e  w i t h  known surface areas marked o r  measured on the  ground. 

Daily f i s h  school counts i n  each index area were weighted by surface area 
and an adjusted count was derived. F i f ty  square meters ( t he  maximum s i ze  
of a small school ) was a r b i t r a r i l y  se lected as  the  base. For example, two 
large schools w i t h  a t o t a l  combined surface area estimate of 10,000 m2 was 
adjusted t o  a count of 200, the equivalent of 200 schools each w i t h  a 50 m2 
surface area. All medium 1 ,  medium, and medium 2 schools were adjusted by 
fac tors  of 3, 5 ,  and 7 ,  respectively.  This was done since the  midpoint of 
each of these s i ze  categories i s  3, 5,  and 7 times g rea te r ,  respectively,  
than 50 m 2 .  The da i ly  adjusted school count was termed the r e l a t i ve  abun- 
dance index (RAI). 

Daily RAI's were re la ted t o  f i s h  abundance by applying tonnage conversion 
fac tors  obtained from estimates made on changes in school surface area 
before and a f t e r  removal of a known weight of f i sh  by commercial purse 
seines.  

Attempts were made during aer ia l  surveys t o  d i f f e r en t i a t e  herring from other 
f i s h  species based upon school behavior and appearance. Test f i shing records 
and commercial f i shing reports  were a l so  evaluated to  help determine species 
composition. 

Test Gi l lne t t ing  

Two or  three-man crews sampled major herring spawning grounds a t  seven loca- 
t ions  i n  1979: Metervi k Bay, Tongue Point ,  Goodnews Bay, Nelson Island,  



Cape Romanzof, Cape Denbigh, and Grantley Harbor. In addit ion,  a s ingle  
t r i p  was made north of Bering S t r a i t  to  co l l ec t  herring samples f o r  com- 
parison with samples taken fur ther  south. All crews operated from e i t h e r  
rubber r a f t s  or  open s k i f f s  and sampled coastal waters w i t h  var iable  mesh 
g i l l  nets .  Gill nets were multifilament nylon consist ing of s i x  8 m panels 
w i t h  the following s t r e t ch  mesh s i ze s :  25, 38, 51, 64, 76, and 102 mm. 
Gill nets measured 48 m long by 3 m deep. These g i l l  net specif icat ions  
were selected to  maintain consistency with g i l l  net sampling by ADF&G on 
eastern Bering Sea herring i n  previous years. 

Both sinking and f loa t ing  s e t s  were made. A few s e t s  were made a t  high t i d e  
and picked on the  following high t i de .  This occurred primarily in Bristol  
Bay and Goodnews Bay where l a rger  t i de s  e x i s t ,  than f a r t he r  north. When 
herring were abundant, g i l l  nets  were f ished under constant attendance f o r  
shor t  periods of time ( t i d a l  conditions permitting) t o  avoid net  sa turat ion 
and excessive catches. All nets were f ished a t  random locations;  no pre- 
established s ta t ions  were ut i  1 ized. Surface water temperatures were measured 
dai ly  w i t h  pocket thermometers by each crew. Total catch by species was 
recorded f o r  each gi 11 net  s e t  along w i t h  date ,  locat ion,  and duration of 
each s e t .  

A minimum of 800 herring were to  be sampled a t  each location f o r  age, sex, 
s i z e ,  and r e l a t i ve  maturity. Relative maturity was determined from c r i t e r i a  
l i s t e d  i n  Table 2. For data analysis ,  a l l  herring of ages 1 or  2 were con- 
sidered sexually mature only i f  t h e i r  gonad index was 5 o r  higher. All age 
3 herring were considered sexually mature which had gonad indices of 5 o r  
higher plus 50% of a l l  age 3 herring w i t h  gonad indices of 3 or  4. All age 
4 herring were considered sexually mature which had gonad indices of 5 or  
higher plus 78% of a l l  age 4 herring w i t h  gonad indices of 3 or  4. Herring 
of age 5 and older  were recorded as  sexually mature i f  gonads indices were 
3 o r  higher. This ra t ionale  fo r  determining r e l a t i ve  maturity of age 3 and 
4 herring as described above i s  based upon maturity f indings on eastern 
Bering Sea herring by Rumyantsev and Darda (1 970). 

The f i r s t  400 herring captured were processed in the  event no more were cap- 
tured. Therefore, catches were subsampled when necessi tated by volume of 
catch and physical l imi ta t ion of sampling crews. Subsamples collected were 
weighted by the percentage of the t o t a l  catch in each panel. Samples were 
generally processed within 48 hours. All herring were measured t o  standard 
length and scales  were mounted on glass  s l i de s  f o r  subsequent aging. 

Reid (1971) pointed out t h a t  new annuli on herring scales  appear near the 
time of spawning. Consequently, herring were generally aged by counting 
the number of annual r ings plus the  outer  edge of the  scale  t o  determine 
f i s h  age i n  years.  However, w i t h  some samples, a value judgment was made 
t o  count only annuli and not the outer edge of the  scale.  This occurred 
when i t  was determined t h a t  the  portion of the  scale  from the  outermost 
annulus to  the s c a l e ' s  edge was a r e s u l t  of new summer growth (plus  growth) 
of the  current  year. All herring scales were aged by two o r  more experienced 
ADF&G b iologis ts .  



Table 2. Characteristics and indices used to  determine the re la t ive  
maturity of Pacific herring. 

Index Key Characteristics 

Virgin herring. Gonads very small, threadlike, 23 mm long. 
Ovaries wine red. Testes whitish or gray brown. 

2 Virgin herring with small sexual organs. The width of 
ovaries and tes tes  about 3-8mm. Eggs not v is ib le  to  
naked eye, b u t  can be seen with magnifying glass.  Ovaries 
a bright red color, tes tes  a reddish gray color. 

Gonads occupying about half of the ventral cavity. Width 
of sexual organs between 1 and 2 cm. Eggs small b u t  can 
be distinguished with the naked eye. Ovaries orange; 
tes tes  reddish gray or grayish. 

Gonads almost as long as body cavity. Eggs larger varying 
in s ize,  opaque. Ovaries orange or pale yellow; tes tes  
whitish. 

Gonads f i l l  body cavity. Eggs large, round; some trans- 
parent. Ovaries yellowish testes  milkwhite. Eggs and 
sperm do not flow, b u t  sperm can be extruded by pressure. 

Ripe gonads; eggs transparent; tes tes  white; eggs and 
sperm flow freely.  

Spent herring gonads baggy and bloodshot. Ovaries 
empty or containing only a few residual eggs. Testes 
may contain remains of sperm. 

Recovering spents. Ovaries and testes  firm and larger 
than virgin herring in stage 2. Eggs not vis ible  to  
naked eye. Walls of gonads s t r ia ted ;  blood vessels promin- 
ant.  Gonads wine red color. This stage passes into 
stage 3 .  



Gear Selectivity Studies 

Gear se lec t iv i ty  studies were conducted a t  Metervik Bay and Tongue Point t o  
examine differences in s ize and age composition between herring samples from 
variable mesh g i l l  nets and commercial purse seines. Gill nets were deployed 
adjacent to  purse seine vessels making commercial sets  and samples collected 
from the catch of each gear type for  subsequent analysis. 

Substrate Mapping 

Exposed beaches and shallow nearshore waters were examined a t  each study 
s i t e ,  with the exception of Grantley Harbor and Shishmaref, for  the pre- 
sence of deposited herring spawn. Maps were prepared showing the distribu- 
t ion and density of herring spawn and vegetative substrates. Spawn density 
was estimated by the method of Humphreys and Hourston (1978) while d i s t r i -  
bution and re la t ive  density of vegetative substrates was subjectively 
evaluated as follows: 

1)  very l ight  1-1 0% coverage, 
2) l igh t  11-35% coverage, 
3) medium 36-65% coverage, and 
4) heavy 66-100% coverage. 

Percent egg mortality and percent hatching was visually estimated from the 
frequency of opaque (dead) eggs and empty egg cases, respectively. 

Stock Identification 

In addition to  f i e ld  work and sampling methods discussed above, a t  leas t  
200 herring were collected from each area, frozen, and shipped to  the NMFS, 
Montlake laboratory in Seat t le  for  subsequent stock separation analysis. 

RESULTS 

Aeri a1 Surveys 

A total  of 38 individual aer ial  surveys were flown throughout the study area 
from 30 April through 28 June 1979. Surveys were in i t ia ted  with arr ival  of 
spawning herring and intensified during peak spawning. Aerial survei llance 
totaled approximately 84 hours of airtime on 28 separate days. Coastal 
coverage amounted to  more than 8,000 km of which about 47% of th i s  e f for t  
was between Cape Constantine and Cape Newenham (Togiak Dis t r ic t ) ,  29% 
between Cape Newenham and Cape Romanzof, and 24% from Norton Sound to Cape 
Prince of Wales (Figure 1 ) .  

A total  of 2,826 f i sh  school sightings were recorded during the survey per- 
iod in 1979 with the highest percentage (63% or 1,782 sightings) in the 
Togiak commercial herring fishing d i s t r i c t .  Only 12% (335 s i  ghtings) were 
in the Yukon-Kus kokwim Delta region. Twenty-three percent (652 s i  ghtings) 
were documented in coastal waters of Norton Sound from Stuart  Island t o  Cape 
Nome, while 2 %  (57 sightings) were recorded north of Cape Nome. Only eight 



f i s h  schools were seen north of Nome i n  1979, b u t  only two surveys were 
flown i n  t h a t  area as  a r e s u l t  of budget l imi ta t ions .  

A number of schools judged t o  be capelin (M&o;tun vLUosun) were excluded 
from a s ingle  survey flown on 14 May. These f i s h  were excluded, due t o  
intense commercial spot t ing a i r  t r a f f i c ,  so more time could be spent i n  
accurately assessing the  numerous f i s h  schools occurring i n  offshore areas.  
This survey included par t  of Goodnews Bay, Security Cove, and t h a t  pa r t  of 
the Togiak f ishing d i s t r i c t  from Asigyukpak Spi t  t o  Cape Newenham. Schools 
excluded were only those occurring i n  very narrow bands (<  3 m i n  width) 
occupying immediate surf  zones along sand and gravel beaches. Beach-stranded 
capelin carcasses were v i s i b l e  from the a i r .  All schools not occupying the  
immediate surf  zone were counted, regardless of species. Excluding the  14 
May survey, i t  was estimated from ae r i a l  survey data alone, t h a t  a t  l e a s t  
10% of recorded schools i n  1979 i n  the  southern portion of the  study area 
south of the  Yukon River were capelin. 

North of the Yukon River, a t  l e a s t  172 (24%) of the 709 school sightings 
were estimated t o  have been non-herring species. The majority of these 
non-herring species were located along the coast  of northern Norton Sound 
between Golovin Bay and Nome, an area where capelin,  sand lance (Ammody;ta 
h e x u p ; t m ) ,  and smelt (O~m&cfue) a re  common (Barton 1978). No t e s t  f i sh -  
ing was conducted i n  t h a t  region in  1979. 

Capelin appeared throughout the  e n t i r e  study area i n  large numbers in  1979. 
Areas where they were most abundant were i n  the western par t  of the  Togiak 
f ishing di s t r i c t  , throughout the Security Cove and Goodnews Bay f ishing 
d i s t r i c t s ,  a t  Nelson Island,  and coastal areas near Nome. Abundance of 
cape1 i n ,  based on aer i  a1 survey data a1 one, was judged t o  have peaked from 
about mid t o  l a t e  May i n  1979. 

Togiak D i s t r i c t :  

Fifteen surveys were flown i n  the Togiak D i s t r i c t  from 30 April through 
26 May 1979 (Table 3 ) .  A t o t a l  of 1,782 herring schools were observed i n  
s i x  major index areas and each school was categorized by s ize .  

A t o t a l  of 36.4 km of mi l t  (spawn) was recorded on 9 days. Peak of spawn- 
ing based upon these observations occurred during the  f i r s t  week of May 
when more than 30 km of mi l t  was recorded. This peak i n  spawning, based 
on ae r ia l  surveys, was nearly 2 weeks e a r l i e r  than Togiak D i s t r i c t  peak 
spawning in 1978. In contras t  t o  peak spawning, herring abundance in  the 
Togiak D i s t r i c t  was estimated t o  have been grea tes t  on 10 May 1979. Corres- 
ponding peak abundance i n  1978 was estimated on 13 May. 

An estimate was made i n  Ungalikthluk Bay on 5 May 1979, re la t ing  herring 
school surface area t o  biomass. An e n t i r e  school of herring w i t h  a 298 m2 
surface area was removed by a commercial purse se iner .  Total weight of 
the  school was determined to  be 14.5 m t  (o r  2.4 m t  per 50 m2 of surface 
area ) . 



Table 3 . Rela t iye  s i z e  and abundance of f i s h  schools in t h e  Togiak D i s t r i c t  
of Br is to l  Bay, based on a e r i a l  su rve i l l ance  from 33 April through 
26 May. 

Area 

2/ Number o f  F ish  Schools Observed by Size - 
~ ~ ! r v e y  11 Adjusted - 3/ 

Date Index Small Medium1 Medium Medium2 Large Tota l  count (RAI)  

Nushagak Index 5/2 P None 
5/3 P 4 7 11 61 
5/4 G 6 6 17,355 

G-F 
5/5 P 

3 3 18,724 
5/ 7 1 1 981 
5/9 P-U None 
5/10 G 2 1 48 51 76,783 
5/12 P-U None 
5/14 G 6 48 6 60 340 
5/16 F None 
5/17 F-P 5 10 15 337 
5/21 P-U None 
5/24 6-F None 
5/26 G Ncne 

Tota l  8 2 48 12 74 147 

Kul ukak Index 4/30 P 
5/2 P 
5/3 P-U 
5/4 G-P 21 
5/5 F-P 4 
5/7 F-P 18 20 
5/9 P-U 
5/10 G 4 
5/12 P 
5/14 G-P 1 
5/16 F-P 
5/17 F-P 2 
5/21 P 
5/24 G-F 6 

None 
None 
None 

37 3 61 563 
54 34 92 29,918 
18 12 68 24,389 

None 
7 30 12,312 

None 
1 - 

None 
2 - 

None - 
6 - 

5/26 G-F Hone 
Tota l  34 42 19 109 56 260 

Nvnavachak Index 4/30 U 6 
5/ 2 F-P 
5/ 3 F-P 1 
5/4 G 3 11 5 

G 5/5 30 30 
5/ 7 12 6 3 
519 P-U 1 9 
5/10 G 6 3 
5/12 P 9 14 
5/14 G 25 2 
5/16 F-P 2 
5/17 F-P 22 
5/21 P-U 

2 
2 24 

None 
5/24 F 4 2 6 10 
5/26 G 2 1 2 1 24 34 

Tc ta l  133 52 30 15 10 240 

Table Continued 



Table 3 . (continued) Rela t ive  s i z e  and abundance of f i s h  schools in  t h e  
Togiak D i s t r i c t  of Br is to l  Bay, based on a e r i a l  su rve i l l ance  
from 30 April  through 26 May. 

Area 

2/ 
1 / 

Number o f  F i s h  Schools Observed by S ize  - 
Survey - Adjus ted 2/ 

Date Index Small Medium 1 Medium Medium 2 Large T o t a l  count (RA I )  

Ungal i k t h l u k  Index 4/30 P 1 1 24 2 28 752 
5/2 F-P 2 17 70 17  6 112 1,004 
5/3 F- P 1 7 6 3 17 31 7 
5/4 G 15 2 37 54 280 
5/ 5 G 42 11 12  65 159 
5/7 F 4 18 22 58 
5/9 P 2 2 743 
5/10 U Survey abor ted - in tense  f i s h i n g  and a i r  s p o t t i n g  t r a f f i c  
5/12 P-U 7 3 1 O+ + 
5/14 G 9 4 13 29 
5/16 F-P None 
5/17 F-P None 
5/21 P-U None 
5/24 G-F 1 16 1 18 56 
5/26 G 1 1 7 

T o t a l  82 72 7 7 98 13 342 

Togiak Index 5/2 F-P 14 19 33 71 
5/4 G 18 9 31 25 83 1,460 
5/ 5 G 18 20 24 24 86 486 
5/7 G-F 34 26 46 10  116 65,602 
5/10 G 27 50 7 84 46,956 
5/12 P 14 1 15 13,066 
5/14 G 32 78 27 137 2,522 
5/16 F-P 17 17 474 
5/17 G-F + 
5/24 G-F 5 1 15 21 2,768 
5/26 G 15 88 103 2,767 

T o t a l  162 7 5 143 101 21 4 695 

Matogak Index 5/7 F-P 19 16 27 18 80 932 
5/12 P-U 1 1 + 
5/14 G-F 5 5 2 12 699 
5/17 G-F None 
5/24 F None 

T o t a l  24 16 6 27 20 93 

Remaining areas 5/14 E 
i n  Togiak D i s t r i c t  

T0TP.L TOGIAK 
DISTRICT 

Survey r a t i n g  index: E - Exce l l en t ;  G - Good; F - F a i r ;  p - poor; U - Unacceptable. - 
2 2/ F i s h  School Ca tego r i za t i on :  smal l  - surface area l e s s  than 50 m . 

medium 1 - surface area between 50-254 m2. 
medium - su r face  area between 50-450 m2. 
medium 2 - surface area between 255-450 m2. 
l a r g e  - surface area g r e a t e r  than 450 m2. 

3/ R A I  - R e l a t i v e  abundance index - ad jus ted  school counts weighted by su r face  area - 
u s i n g  50m2 as a base. 



Securi ty Cove D i s t r i c t :  

Aerial survei l lance  of the  Securi ty Cove f ishing d i s t r i c t  in the  Yukon- 
Kuskokwim Delta area included four surveys flown 8 ,  14, 17, and 24 May 
(Table 4) .  Peak herring abundance was estimated on 14 May. In addi t ion,  
large concentrations of capelin were a l so  observed on 14 May throughout 
most of the  d i s t r i c t ' s  shoreline waters, pa r t i cu la r ly  south of Goodnews 
Bay. Light patches of mi l t  were observed in Security Cove on 14 May while 
2 km of m i  1 t were recorded on 17 May. 

Goodnews Bay Di s t r i c t  : 

A t o t a l  of f i v e  surveys were flown from 8 May through 24 May 1979, of the 
Goodnews Bay f i sh ing  d i s t r i c t  (Table 4 ) .  Peak herring abundance was e s t i -  
mated on 17 May when large  concentrations were observed near L i t t l e  Beluga 
Mountain. No mi l t  was observed. 

Nelson Island-Cape Romanzof: 

Four surveys were flown of the Nelson Island area i n  1979 from 14 May 
through 25  May and four surveys of Cape Romanzof from 16 May through 31 
May (Table 4 ) .  All attempts were hindered by inclement weather o r  turbid 
water conditions. Abundance est imates could not be made f o r  these areas.  
Other surveys were planned but were not attempted a s  a r e s u l t  of poor 
weather. 

Norton Sound D i s t r i c t :  

A t o t a l  of th i r t een  surveys were flown i n  Norton Sound from Stuar t  Island 
t o  Nome (Fisure  1 )  from 15 May through 9 June 1979 (Table 5 ) .  Peak herring 
abundance from Stuar t  Island t o  Unalakleet was estimated on 21 May (Kl ik i t a r ik  
Index Area). T h i s  d i f fe red  from the  peak estimate north of Unalakleet t o  
P t .  Dexter (Unalakleet and Cape Denbigh Index Areas) by about one week. 
The highest est imate from Unalakl e e t  t o  Shaktool i k (Unal akleet  Index Area) 
was on 30 May and on 28 May a t  Cape Denbigh (Cape Denbigh Index Area). 
Herring abundance i n  Norton Bay (Norton Bay Index Area) and Golovin Bay 
(Golovin Bay Index Area) was estimated t o  be highest on 2 June. Nearly 82% 
of the estimated herring biomass i n  Norton Sound in  1979 was observed 
between S tuar t  Island and Cape Denbigh. However, this region received 
more in tense  ae r i a l  coverage than areas north of Cape Denbigh. Only 1.0 
km of mi l t  was recorded i n  Norton Sound in 1979. 

Shorebased Studies 

The periods of coverage of shorebased s tudies  a t  seven coastal  areas i n  1979 
were as follows: 

1 )  Metervik Bay 4129-6/10, 
2 )  Tongue Point 518-615, 
3) Goodnews Bay 511 2-618, 
4) Nelson Island 5/15-6112, 
5)  Cape Romanzof 511 2-618, 
6 )  Cape Denbigh 5124-611 4, and 
7 )  Grantley Harbor 611 9-6/21. 



Table 4. Relative s i ze  and abundance of f i s h  schools i n  the  Yukon-Kuskokwim 
Delta area based on aer ia l  survei l lance from 8 May through 31 May 
1979. 

Number o f  F ish  Schools Observed by Size 
Survey J./ 

3/ 
Adjusted - 

Area Date Index Small Medium 1 Medium Medium 2 Large Tota l  count (RAI) 

Secur i ty  Cove Index 5/8 E 4 2 6 - 
5/14 E 21 5 52 21 99 2,912 
5/17 E-G 2 3 1 6 135 
5/24 G 87 22 13 3 125 288 

Tota l  114 27 3 65 27 236 

Goodnews Bay Index 5/8 F-P 1 3 
5/13 F 2 
5/14 G 6 2 

5/24 U 1 1 1 
Tota l  11 5 0 1 2 19 

Jacksmith Bay 5/24 G 7 3 15 17 42 1,297 

Nelson Is land  Index 5/14 F 8 1 1 10 18 
5/28 G-U None 
5/22 F 6 I 1 8 16 
5/25 P 15 15 15 

Tota l  29 2 0 2 0 33 

Cape Romanzof Index 5/16 U None 
5/22 P 1 1 7 
5/25 P 3 1 4 6 
5/31 U None 

Tota l  3 1 0 1 0 5 

TOTAL YUKON- 
KUSKOKWIM AREA 

lJ Survey r a t i n g  index: E - Excel lent;  G - Good; F - Fs i r ;  P - Poor; il - Unacceptable. 

2 21 F ish  School Categorizat ion: small - surface area less  than 50 m . - 
medium 1 - surface area between 50-254 m2. 
medium - surface area between 50-450 m2. 
medium 2 - surface area between 255-450 m2. 
la rge  - surface area greater  than 450 m2. 

3 RAI - Relat ive abundance index - adjusted school counts weighted by surface area 
using 501112 as a base. 



Table 5 . Relative s ize  and abundance of f ish schools in Norton Sound 
based on aer ial  surveillance from 15 May through 22 June 1979. 

Area 

Number o f  F ish  Schools Observed by Size C/ 
survey 11 Adjusted Y 

Date Index Saal l  Medium 1 Medium Hediurn 2 L a r ~ e  Tota l  count (RAI )  

Kl i k i  t a r i  k Index 

Tota l  

Unalakleet Index 

Tota l  

Cape Denbigh Index 

Tota l  

Norton Bay Index 

Tota l  

Golovin Bay Index 

Tota l  

B l u f f  Index 

Tota l  

5/15 E-F 50 7 57 85 
5/21 E-F 94 54 30 8 186 797 
5/27 - F lee t  Survey - 
5/30 U None 

144 54 7 30 8 243 

5/15 F-P 9 9 9 
5/21 G 6 6 6 
5/23 P 3 1 4 6 
5/27 - F l e e t  Survey - 
5/28 F 8 4 4 1 17 67 
5/30 F-P 35 12 3 50 92 
5/31 - F lee t  Survey - 

61 17 0 7 1 86 

5/15 E-F None 
5/21 G 11 3 1 15 146 
5/23 P None 
5/24 G 7 3 3 1 14 48 
5/27 - F lee t  Survey 
5/28 E 19 7 18 12 56 627 
5/30 E-U 4 5 1 1 11 21 2 

F l e e t  Survey 
1 2 

5/28 G None 
6/ 2 E 1 0 1 3 14 34 
6/9 G 8 4 1 13 27 

18 5 Q 4 0 27 

5/28 E-G 20 2 22 26 
6/ 2 E-G 33 8 5 2 48 103 
6/ 9 G-P 48 19 4 3 74 248 

101 29 0 9 5 144 

Cape Ilome - Nome 5/28 G-F 24 3 10 37 103 
6/ 2 G 8 2 2 12 28 
6/9 P None 

Tota l  32 5 0 12 0 49 

P o r t  Clarence 6/20 P-U None 
(Ncme-Wales ) 6/22 P 2 5 1 8 24 

Tota l  2 5 @ 1 0 8 

TOTAL NORTON 429 150 7 92 31 709 
SOUND AREA 

1/ Survey r a t i n g  index: E - Excel lent;  G - Good; F - Fai r ;  P - Poor; U - Unacceptable. 

2/ F ish  School Categorizat ion: small - surface area less  than 50 m2. - 
medium 1 - surface area between 5Q-254 m2. 
medium - surface area between 50-450 m2. 
medium 2 - surface area between 255-450 m2. 
l a rge  - surface area greater  than 450 m2. 

3/ MI - Re1 t i v e  abundance index - adjusted school counts weighted by surface area - 3 using 50m as a base. 



Gill  Net Catches: 

A t o t a l  of 227 variable mesh g i l l  net  s e t s  were made from 29 Apri 1 through 
21 June a t  seven coastal areas between north Bristol  Bay and Port Clarence 
i n  1979 which produced a catch of 14,014 herring out of a t o t a l  catch of 
20,275 f i s h  (Table 6 ) .  Duration of s e t s  averaged 1.9 hours each, although 
actual soak time per s e t  varied considerably between areas due t o  herring 
abundance, coastal morphology, weather, and t i da l  conditions. An addit ional  
four s e t s  were made from 27 June through 2 July a t  selected s t a t i ons  between 
Shishmaref and Cape Espenberg i n  the Chukchi Sea which produced a t o t a l  
catch of 347 herring (Table 6 ) .  

Ten families of f i s h  were represented i n  a t o t a l  catch of 20,757 f i s h  (Table 
7 ) .  Herring represented 69% of the  t o t a l  catch i n  numbers and were the  most 
abundant species captured i n  every area ,  ranging from 51% a t  Metervik Bay t o  
a s  high as  90% a t  Port Clarence. Cape1 i n ,  smelt , flounder (PRmnecLidae)  , 
and cod (Gadidae.) consti tuted 28% of the  f i s h  caught. The remaining 3% con- 
s i s t ed  of other species. 

Surface water temperatures ranged from 3.3 t o  13.9' C throughout the  study 
area (Table 8) .  Water temperatures averaged from 8.1° t o  9.2' C a t  the  
f ive  areas examined below the  Yukon River, while s ign i f ican t ly  colder water 
temperatures (4.4' C average) prevailed a t  Cape Denbigh in  Norton Sound 
during the period when herring were present. 

Relative Maturity and Sex Ratio: 

The r e l a t i v e  maturity of herring collected from Bristol  Bay t o  Shishmaref 
was examined in 1979 (Table 9) .  All age 1 herring and 41.6% of a l l  age 2 
herring examined from Bristol  Bay t o  Shi shmaref were determined t o  be 
sexually immature. Only 6.4% of age 2 herring were estimated t o  be sexually 
mature i n  samples collected near Shishmaref as opposed t o  74.2% sexually 
mature age 2 herring from samples south of Bering S t r a i t .  By age 4 more 
than 97.8% of eastern Bering Sea and Chukchi Sea herring examined were 
sexual ly  mature i n  1979. 

Analysis of sexually mature herring collected near Shishmaref revealed a 
very high percentage (70%) t o  be i n  a spent and recovering condition (gonad 
8 index),  a s  opposed t o  being more recent spawn-outs (gonad 7 index). The 
frequency of spent and recovering herring was much lower i n  samples south 
of Beri ng S t r a i t .  

The overall  male t o  female r a t i o  was 1.0:O.g f o r  a l l  areas sampled in 1979 
based upon g i l l  net  resu l t s .  Goodnews Bay was the  only area where females 
were more abundant than males (1 .0 : l . l ) .  

Growth and Stomach Contents: 

Plus growth was observed on herring scales  collected from only two of nine 
areas examined i n  1979: The Tongue Point area of Hagemeister S t r a i t  and 
an area of southern Chukchi Sea j u s t  north of Shishmaref. Limited new 
summer growth was observed on scales collected a t  Tongue Point from herring 
of ages 1 ,  2 ,  and 3. Percent occurrence of plus growth f o r  these age groups 



Table 6. Variable mesh g i l l n e t  e f f o r t ,  t o t a l  ca tch  and her r ing  ca tch  a t  seven coas t a l  a r e a s ,  sp r ing ,  1979. 

Total Total her r ing  
Number of  Total hours ca tch  ca tch  

Area s e t s  f i shed  (Numbers) (Numbers) 

Metervi k Bay 53 237.4 6,182 3,166 

Tongue Point  2 8 92.1 3,529 3,036 

Goodnews Bay 13 18.1 2,107 1,847 

Nel son Is1 and 3 9 36.7 3,460 1,785 

Cape Romanzof 7 7 29.5 3,870 3,273 

Cape Denbi gh 
I 
-I 

m 
I Port  Cl arence 

Bering Sea Total 227 432.3 20,275 14,014 

Shi shmaref 
(Chukchi Sea) 4 58.9 482 3 47 

TOTAL 23 1 491.2 20,757 14,361 



Table 7 .  Va r iab le  mesh g i l l n e t  ca tch  composit ion by f i s h  fami ly  a t  seven coas ta l  areas i n  t he  eas tern  Ber ing  Sea, 
s p r i n g  1979. 

Catch By Family 
(Numbers o f  f i s h )  

Meterv i  k Bay 

Tongue P o i n t  

I Goodnews Bay 
1-4 

u 
I 

Nel son I s l a n d  

Cape Romanzof 

Cape Denbigh 

P o r t  Clarence 

Shishmaref 

To ta l  
Percent 

14,361 1,624 2,222 275 1,321 71 58 7 9 54 585 107 20,757 
69% 8% 11% 1 % 6% Tr.  Tr.  Tr .  T r .  3% 1% - 

I/ Smelts - 

2/ Cape1 i n  - 



Table 8. Surface water temperatures ("C) a t  s e l e c t e d  coas ta l  a r eas  i n  the  
Eastern Bering Sea, spr ing  1979. 

North of 
South o f  Yukon Delta Yukon Delta 

DATE METERVI K TONGUE GOODNEWS NELSON CAPE 
BAY PT . BAY ISLAND ROMANZOF 

CAPE 
DENBIGH 

5/ 3 7.8 
5/4 7.8 
5/ 5 7.8 
5/ 6 7.8 
5/ 7 7.2 
5/8 5.6 
5/ 9 5.0 
5/10 5.6 
5/11 6.7 
5/12 7.2 7.2 
5/13 8 .9  7.2 6.7 
5/14 7 .8  7.2 4.4 6.7 
5/15 7.2 7.2 6.7 6.7 
5/16 7.8 8.9 
5/17 7.2 8.9 7.2 6.7 
5/18 7.2 6.1 5.0 5.0 6.7 
5/19 6.1 5.0 4.4 5.6 
5/20 6.7 6.1 7.2 6.7 
5/21 7.2 6.1 6.7 5.0 7.8 
5/22 7.2 7.2 6.7 5.3 7.8 
5/23 7 .8  7.8 10.0 
5/24 9.4 8.9 10.0 6.7 10.0 
5/25 12.4 8.9 7.8 7.2 10.0 
5/26 8.9 9.4 6.7 
5/27 12.8 10.0 9.4 
5/ 28 13 .3  10.0 12.2 10.0 
5/29 12.2 11.1 10.0 9.2 
5/30 12.2 10.0 12.2 10.6 10.6 
5/31 12.2 11.1 13.3 
6/ 1 12.2 11.1 10.0 11 . I  
6/ 2 12.2 8 .9  10.6 10.0 13.9 
6/ 3 11.1 10.0 8.3 10.6 11.1 
6/4 11.1 10.0 14.4 8.9 11.1 
6/ 5 11.1 7.8 12.2 10.6 
6/ 6 5.6 10.1 10.6 
6/ 7 12.2 12.5 10.0 
6/8 10.6 
6/ 9 
6/10 
6/11 
6/12 

Average 8 .8  8.9 8.1 8.6 9.2 



Table 9. Sexual m a t u r i t y  (pe rcen t )  by age c l a s s  of sp r ing  he r r ing  sampled from B r i s t o l  Bay t o  southern 
Chukchi Sea, 1979. 

Area Sampled 
Percent  s exua l ly  mature he r r ing  by age c l a s s  

I I I I11 I V V V I VI I VIII Sample S i z e  

Metervi k Bay 0 88.8 95.8 97.0 99.5 100.0 100.0 100.0 2,379 

Tongue Poin t  0 0 76.3 100.0 99.3 100.0 100.0 100.0 285 

Goodnews Bay 0 86.6 96.6 99.1 100.0 100.0 100.0 354 

Nelson I s land  81.2 98.1 100.0 98.7 98.3 98.2 100.0 1,097 

Cape Romanzof 0 92.8 97.6 100.0 100.0 100.0 100.0 100.0 80 7 

Cape Denbigh 100.0 97.0 92.2 100.0 100.0 100.0 100.0 439 

I 
-I Port  Cl arence 96.9 98.4 100,O 100.0 100.0 100.0 100.0 252 
Lo 
I 

South of Bering 
S t r a i t  0 74.2 94.9 98.1 99.4 99.8 99.7 100.0 5,613 

North of  Bering 
S t r a i  t1 

TOTAL 0 58.4 94.2 97.8 99.4 99.5 99.5 100.0 5,814 

Samples from Shishmaref.  



was 71, 47, and 6 ,  respectively.  In comparison, plus growth was present on 
herring as old a s  7 years from samples near Shishmaref. For age groups 2,  
3 ,  4 ,  and 6,  the percentage of scales  exhibit ing substant ia l  plus growth was 
100, 71, 46, and 10, respectively.  No plus growth was observed on age 5 
herring and only 4% of age 7 f i s h  f o r  t h i s  area. Tongue Point samples were 
collected from 8 May through 5 June while samples near Shishmaref were col- 
lected from 29 June through 2 July. 

Cursory f i e l d  examination of stomachs from herring collected near Shishmaref 
i n  1979 revealed the majority t o  be a t  l e a s t  pa r t i a l l y  f u l l .  Nearly 22% of 
the  stomachs examined were distended from ingested material .  Contents from 
three of the distended stomachs were examined and consisted en t i r e ly  of adul t  
mysid shrimp. 

Age Composition of Gi l l  Net Catches: 

Age determination from herring scales  collected a t  seven coastal areas from 
Bristol  Bay t o  Port Clarence i n  var iable  mesh g i l l  nets  indicated t ha t  the  
1974 year c lass  (age 5 i n  1979) had the  greates t  frequency of occurrence i n  
catches from a l l  areas i n  both 1978 and 1979 (Figures 2 ,  3 ,  and 4) .  Repre- 
sentation i n  the  samples ranged from 42% a t  Goodnews Bay t o  58% a t  Nelson 
Island i n  the  1979 catches. The strong re la t ionship  between the  occurrence 
of age 4 herring i n  1978 and age 5 i n  a l l  areas underscores the  r e l a t i v e  
s t rength of the  1974 year c lass .  

The 1976 year  c l a s s  (age 3 i n  1979) was second i n  frequency of occurrence 
a t  the  Metervi k ,  Tongue Point, and Cape Denbi gh sampling s i t e s  i n  1979. 

In 1972 year c lass  (age 7 i n  1979) contributed strongly t o  catches a t  several 
areas north of Cape Newenham where i t  was second i n  r e l a t i ve  abundance a t  
Securi ty Cove-Goodnews Bay, Nelson Island,  Cape Romanzof, and Port Clarence. 
I t  was strongly represented i n  Cape Denbigh samples i n  1978 b u t  not in 1979. 
In a small sample taken from Shishmaref i n  1979, the 1972 year c l a s s  was 
most abundant, followed by 1974 and 1977. 

Representation of the  1973 (age 6 i n  1979) and 1975 (age 4 i n  1979) year 
c lasses  i n  g i l l  net samples was poor i n  both 1978 and 1979. The frequency 
of occurrence of the 1973 year c lass  was apparently greates t  a t  Metervik Bay, 
Tongue Point, and Port Clarence where they comprised from 13-15% of the 
catches. Occurrence i n  a l l  other areas was l ess  than 10%. Occurrence of 
the  1975 year c l a s s  i n  1979 catches was l e s s  than 10% i n  a l l  areas sampled. 

Age 2 herring,  the 1977 year c l a s s ,  occurred infrequently a t  a1 1 areas 
examined south of Bering S t r a i t .  The most s ign i f ican t  showing of t h a t  age 
group occurred a t  Tongue Point i n  the  Togiak D i s t r i c t  of Bristol  Bay where 
i t  comprised about 8% of the catch. Age 1 ,  the  1978 year c l a s s ,  was found 
only i n  the  Togiak D i s t r i c t  and a t  Cape Romanzof where they made up l e s s  
than 1% of the  catches. 

Occurrence of the  1971 and e a r l i e r  year c lasses  i n  catches a t  a l l  s i t e s  was 
l e s s  than 5% except a t  Port Clarence where several older age c lasses  contr i -  
buted between 5 and 10% of the catches. The oldest  herring aged from g i l l  
net  catches i n  1978 and 1979 was from Shishmaref; a s ing le ,  age 13 individual 
from the  1966 year c lass .  
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Figure 3. Percent age composition of herring captured at Security Cove (1978), Goodnews Bay (1979), 
Nelson Is., & Cape Romanzof with variable mesh gillnets, spring 1978 and 1979. 
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Figure 4 . Percent age composition of herring captured at Cape Denbigh, Port Clarence, and Shishmaref 
with variable mesh gillnets, spring 1978 and 1979. 



Size Composition of Gil l  Net Catches: 

Analysis of length a t  age data from 1978 and 1979 indicated a general coast- 
wide trend f o r  decreasing s i z e  from south t o  north (Table 10, Figure 5 ) .  
The trend was most evident in  the extreme southern population sampled 
(Metervi k Bay) and i n  the  most northerly ones (Kotzebue and Shishmaref) . A 
separate analysis  of size-at-age f o r  spec i f i c  year  c lasses  has not been 
attempted. 

Gear Se lec t iv i ty :  

A commercial purse seine vessel made a s e t  west of Tongue Point i n  Hagemeister 
S t r a i t  on 15 May approximately 350 m from where two var iable  mesh g i l l  nets  
were f ishing.  A n  estimated 65 tons of spawned-out herring were captured by 
the purse se ine ,  from which a sample of 98 f i s h  were taken pr io r  t o  re lease  
of the  remaining catch. The two variable mesh g i l l  nets  were retr ieved l a t e r  
a f t e r  a combined soak time of 7.2 hours. All g i l l  net caught herring (48 
f i s h )  and the  sample obtained from the  se ine  catch were examined f o r  age and 
s i ze  composition. Results showed very s imilar  age and sex composition f o r  
both gear types (Figure 6 ) .  A Chi-square t e s t  revealed the  two samples were 
not s ign i f ican t ly  d i f f e r en t  ( P <  0.01) i n  age composition (Table 11 1. 

A s imilar  study was conducted i n  Metervik Bay on 24 May when intense commer- 
c i a l  f i shing by gi l l n e t t e r s  and purse se iners  was observed. A var iable  mesh 
g i l l  net  was deployed adjacent t o  one of the  commercial purse seine vessels.  
Herring samples from both the  purse se ine  and var iable  mesh g i l l  nets  were 
collected and examined f o r  s i z e  and age comparison (Figure 7 ) .  The purse 
seine sample (130 f i s h )  contained a much higher proportion of age 3 herring 
(72%) than the  variable mesh g i l l  nets  (39%). Variable mesh g i l l  net  samples 
(78 f i s h )  contained a much higher proportion of age 5 herring (35%) than the  
purse se ine  (17%). A Chi-square t e s t  applied t o  the  data revealed the  two 
samples t o  be s ign i f ican t ly  d i f f e r en t  ( P C  0.01) i n  age composition. 

Spawning Habi t a t s  : 

Substrate Distr ibution.  The rockweed fuccrn sp. was found t o  be the  dominant 
i n t e r t i d a l  vegetative subst ra te  throughout the  Togiak D i s t r i c t  i n  areas exam- 
ined from Tvativak Bay t o  Togiak Bay and near Tongue Point. Rhudum& sp. ,  
Z u s ; t a a  sp. and Lcun&cmh sp. were a l so  observed, presumably washed ashore 
from subtidal regions. Scattered beds of fuccrn were found throughout Kulukak 
Bay except a t  the head of the bay, which i s  primarily a t i da l  mud f l a t  devoid 
of vegetation. Heavy beds of fucm occurred throughout most of the  i n t e r t i da l  
zone from Metervi k Bay (Kulukak Point) t o  Togiak Bay w i t h  the exception of two 
beaches i n  Nunavachak and Ungalikthluk Bays. Distribution of Fucu through- 
out the  Togiak D i s t r i c t  was nearly always associated w i t h  rocky (of ten exposed) 
coas t l ines ,  where l i t t l e  o r  no beach zone was present; regions apparently 
most su i tab le  f o r  vegetative attachment (Figures 8 through 11) .  

The dominant vegetative subst ra te  i n  Goodnews Bay was found t o  be eelgrass 
( Z u s R e m ~  sp. I .  Eelgrass was observed primarily in shallow subtidal  zones 
although i t s  d i s t r ibu t ion  d i d  extend t o  i n t e r t i da l  areas i n  some locations.  
Eelgrass beds were most prominant ins ide  the  South Spi t  and extended along 



Table 10. Mean standard length (mm) a t  age of herring sampled from t e s t  g i l l n e t s  a t  
se lected coastal  areas in  the eas tern  Bering Sea from 28 April through 
2 July 1978 and 1979. 

Aoe Class 
I I I I 1 1  I V  V V 1 V I I  V I I I  IX  X X I  X I1  N 

Kotzebue 1979 

Shishmaref 1979 

P o r t  Clarence 1978 
1979 

Cape Denbigh 1978 
1979 

Cape Romanzof 1978 
1979 

Nelson I s l a n d  1978 
1979 

Goodnews Bay 1979 

S e c u r i t y  Cove 1978 

Tongue P o i n t  1978 
1979 

Me te rv i k  Bay 1978 
1979 

- 

* Samples i n  wh ich  new summer growth was observed d u r i n g  sca le  ana lys is .  
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Nelson Is land,  1978-79 
Cape Romanzof, 1978-79 

( n  = 
Cape Denbigh. 1978-79 

( n  = 1 , 2 1 4 )  

Port Clarence,  1978-79 - Shishmaref, 1979 ( n  = 
( n  = 2 0 8 )  

' Kotzebue, 1979 ( n  = 2 9 )  
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Figure 5 ,  Mean size-at-age of herring captured a t  selected coastal areas in the eastern 
Bering Sea, spring 1978-79. 
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Figure 6 . Comparison of age and sex compositions of herring 
sampl ed with variable mesh gill nets and commercial 
purse seines at Tongue Point on 15 May 1979. 



Table 11. Age composition and s t a t i s t i c a l  comparisons of herring sampled w i t h  var iable  mesh g i l  l ne t s  
and purse seines a t  selected coastal areas i n  the eastern Bering Sea, 1979. 

1 1 Age Classes - C h i -  Degrees 
Area Gear Type I1 I11 IV V VI VII VIII Total Square of 

Values Freedom 

variable g i l l n e t  3 29 3 27 10 5 1 7 8 
(25-1 02mrn) 

Metervi k 21 23.54 - 4 
Bay 

commercial purse 94 5 22 5 4 130 
seine 

var iable  g i l l n e t  1 11 3 20 10 3 4 8 
(25-1 02mm) 

Tongue 
Point 

commercial purse 5 18 4 45 15 11 1 9 9 
se ine  

11 Ages with no observations o r  sex unknown were not used i n  comparisons. - 

21 S ign i f i can t  d i f ference ( P  c0 .01) .  - 
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Figure 7 . Comparison of age and sex compositions of herring sampled 
with variable mesh gillnets and commercial purse seines 
at Metervik Bay on 24 May 1979. 
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Figure 8. Distribution of Fucus sp. and herring spawn in the Kulukak Bay area,  
5-11 May 1979. 
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F i g u r e  11 . D i s t r i b u t i o n  o f  Fucus sp., Zos te ra  sp., and h e r r i n g  spawn a t  Tongue P o i n t ,  s p r i n g  1979. 



the  southern coast l ine  of Goodnews Bay t o  L i t t l e  Beluga Mountain (Figure 12).  
Lesser quan t i t i es  were present ins ide  the  North Spi t .  Clumps of eelgrass 
washed ashore were a common occurrence along most coastal areas of Goodnews 
Bay, excluding the  eastern ha1 f where extensive i n t e r t i da l  mud f l a t s  ex i s t .  

Fucun was determined t o  be the  dominant vegetative type along the i n t e r t i da l  
zone a t  Nelson Island, Cape Romanzof, and Cape Denbigh (Figures 13 through 
15).  ZoaXetra was found only t o  occur i n  the  l a t t e r  area. Fucun beds were 
most abundant a t  Nelson Island from Cape Vancouver t o  Chinit Point and along 
the i n t e r t i da l  zones of northern Kokechi k Bay a t  Cape Romanzof. Distribution 
of fucun a t  Cape Denbigh consisted of  small scat tered beds from Point Dexter 
t o  about 2 or  3 km west of the  Sineak River. In a l l  three areas ,  Fucun was 
invariably associated w i t h  rocky coast1 i nes which are  mostly exposed to  
violent  wind and surf action.  Z o s X m  was found growing i n  the Cape Denbigh 
area only i n  a shallow (2-3 ml subtidal region near Point Dexter, although 
i t  was commonly found washed ashore i n  other areas. 

Spawn Distr ibution and Density. Spawning herring were f i r s t  observed in  
Metervik Bay during the l a s t  week of April i n  1979. A study plot  was estab- 
l ished and spawn of two t o  four layers i n  deposition was recorded on 5 May. 
Most of the  eggs were eyed by 14 May and hatched by 23 May (a period of 18 
days). Surface water temperatures monitored during t h i s  period ranged from 
5 t o  8.9' C .  This equates to  an estimated 62 degree-day uni ts  f o r  eyeing 
and 134 degree-day units  f o r  hatching. 

Spawn of two t o  s i x  layers was present on Fucun along the  west s ide  of 
Kulukak Bay while one to  four layers of spawn were observed from Metervik 
Bay to  Right Hand Point. Aerial survey observations i n  ear ly  May showed 
the region from Right Hand Point t o  Unaglikthluk Bay t o  be a major spawning 
area ,  however no eggs were found when surveyed by foot in June. Shorebased 
crews observed large schools of unidentified larvae present i n  t i da l  pools 
of the  Nunavachak-Ungalikthluk region during the  f i r s t  week of June. 

Herring spawn was found only on Fucun in  the Tongue Point region, w i t h  depo- 
s i t i o n  of one t o  two layers  on 15 May 1979. Eyed eggs were observed on 20 
May and hatching was estimated t o  have occurred sometime between 29 May and 
2 June. 

Herring had spawned pr ior  to  13 May when f i e l d  sampling was i n i t i a t e d  i n  
Goodnews Bay. One layer of spawn was observed on ZosXma on 17 May 1979. 
Eyeing was estimated t o  have occurred on 23 May and hatching by 31 May. 
Water temperatures ranged from 7.2-10.0" C during t h i s  period. 

Local res idents  of Nelson Island reported t h a t  the f i r s t  spawning run of 
herring preceded a r r iva l  of sampling crews on 16 May. This was evident 
from large subsistence catches of herring which had already occurred and 
the presence of empty egg cases near C h i n i  t Point on 21 May. Herring per- 
s i s t ed  i n  t h i s  area throughout the sampling period. Herring spawn was found 
about equally dis t r ibuted over F u w  and bare rocks in  the Nelson Island 
area. The heaviest deposition of spawn occurred north of Cape Vancouver, 
pa r t i cu la r ly  a t  C h i n i t  Point. A second deposition of herring spawn was 
observed a t  Chinit Point on 30 May. Eyeing was recorded on 8 June in  water 
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Figure 1 2 .  Distribution of Zostara and herring and cape1 in spawn a t  Goodnews Bay, spring 1979. 
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temperatures ranging from 10 t o  12.0' C.  Limited data indicated about 99 
degree-days f o r  eyeing. The project  was terminated before hatching commenced. 

Fucun was again observed as the  dominant spawning subst ra te  in the  Cape 
Romanzof area. Spawn deposition ranged from l i g h t  t o  heavy throughout the 
study area w i t h  the  heaviest concentrations in northern Kokechik Bay. 
Although spawn deposition was l i g h t  on Fucun i n  most i n t e r t i da l  areas,  
heavier concentrations of spawn were frequently found entangled in the 
webbing of adjacent gi 11 nets. 

Herring spawn of 1 igh t  density was present i n  most areas of Cape Romanzof 
when f i e l d  sampling began on 12 May. Estimates on the time required f o r  
eyeing was about 113 degree-days i n  temperatures ranging from 6.6-10' C .  
Extensive eyeing was observed only i n  Kokechik Bay i n  1979 and none between 
Cape Romanzof and Scammon Bay. L i t t l e  spawn was observed i n  the  Cape 
Romanzof area a f t e r  24 May 1979. 

Very l i t t l e  herring spawn was reported i n  the  Cape Denbigh area i n  1979. 
Small amount of washed u p  Fucun and Z a a t m  possessing herring spawn of l i gh t  
in tens i ty  were observed pr io r  t o  9 June. Larger concentrations of Z o s k m  
w i t h  l i g h t  spawn were observed on the  north s ide  of Cape Denbigh a f t e r  a 
3-day storm which las ted  from 9 t o  11 June. Beach sampling revealed Z o a t m a  
present i n  greater  amounts than Fucun suggesting i t  t o  be an important spawn- 
ing subst ra te  in  subtidal areas. 

Habitat Destruction and Spawn Mortality. Uprooted o r  torn Fucun and Z o n t e m  
plants were a common occurrence along most coastal areas examined i n  1978 and 
1979. Often those plants were covered with herring spawn. A 3-day storm was 
reported a t  Metervik Bay from 17-19 May 1979, coinciding with hatching of 
herring eggs a t  the  study s i t e .  Some destruction of Fucun beds by violent  
wave action was observed. Similar observations were reported a t  Nelson Island, 
Cape Romanzof, and Cape Denbigh. Washed up vegetation was often covered w i t h  
heavier spawn than t h a t  deposited i n  the  i n t e r t i da l  areas ,  suggesting t h a t  
severe storms disturbed portions of the  subtidal  spawning habi ta ts .  

Severe i c e  scouring was evident ins ide  the South Sp i t  of Goodnews Bay based 
on ae r ia l  surveil lance of t h i s  region a t  low t i de .  Denuded areas i n  the  
eelgrass  beds created by the  abrasive action of winter sea i c e  were v i s i b l e  
as long ridges of mud. 

In addition t o  the  loss  of herring spawn from destruction of subst ra te  beds 
from spring storms, in te rd ia l  egg loss  was a l so  observed from desiccation of 
both eggs and Fucun. This was especia l ly  common a t  Cape Romanzof i n  l a t e  May, 
where dehydration was a t t r ibu ted  t o  exposure t o  sunl ight  and wind  a t  low t i de s .  
Mortality of herring spawn a t  Cape Romanzof was a l so  a t t r ibu ted  t o  me1 t ing  
snowbanks which created an influx of cold,  freshwater onto i n t e r t i da l  spawn. 
This was s ign i f ican t  i n  view of the f a c t  t h a t  the Cape Romanzof area received 
more than 250 cm of snowfall i n  1978-79, leaving snowbanks 4-5 m high along 
the e n t i r e  coast l ine  from Kokechi k River t o  Scammon Bay V i  1 lage. Repeated 
coastal observations revealed t ha t  spawn survival in  t h i s  region was low and 
t ha t  the most prevalent cause of egg mortal i ty was from desiccation. 

Nelson Island crews reported t h a t  about half of the spawn found i n  t h a t  area 
was on rocks. They reported t ha t  the  highest mortal i ty (up t o  80%) of eggs 



was found on rock subs t ra tes ,  whereas, l e s s  than 10% mortal i ty was estimated 
fo r  spawn on Fucus. 

Predation by sea-birds, f i s h ,  and other animals was another important cause 
of morta l i ty  t o  herring spawn i n  most areas.  Yellowfin sole  (Limandu ~ ~ p e h x ) ,  
other flounder species ,  and Dolly Varden ( S c t e v f i ~ u n  m&a) were among the 
primary f i s h  species observed feeding on herring eggs. A t  Metervi k Bay and 
Cape Romanzof, sna i l s  were a lso  observed as predators. The density of sna i l s  
i n  the  study s i t e  a t  Metervi k Bay was estimated a t  109 per square meter of 
beach. Crab species were a lso  included among herring spawn predators a t  
Metervi k Bay. 

DISCUSSION 

Timing 

Barton e t  a l .  (1977) and Barton (1978) reported t h a t  timing of coastal spawn- 
ing by herring i n  the  eastern Bering Sea was influenced by climatological 
conditions and was generally found t o  commence when spawning grounds became 
ice  f ree .  Average spawning dates were estimated as l a t e  May t o  ear ly  June 
in the  Togiak, Security Cove, and Goodnews Bay region; around mid June i n  
the  Yukon-Kuskokwim Delta region; during June i n  the  Norton Sound region; 
and l a t e  June t o  ear ly  July a t  Port Clarence. 

Prokhorov (1968) found t h a t  approximate time of spawning i n  the western 
Bering Sea was re la ted t o  winter and spring water temperatures w i t h  ea r ly  
maturation i n  warm years and delayed development i n  cold years.  The past  
two winters (1 977-78 and 1978-79) had been especia l ly  m i  1 d, and eastern 
Beri ng Sea herring a r r i  ved on the spawni ng grounds ea r l  i e r  than average i n 
both years.  Aerial surveys flown i n  1978 indicated a r r iva l  of herring and 
peak spawning from Bristol  Bay t o  Nelson Island occurred about mid May. 
Gilmer (1978, unpublished repor t )  found spawning pr ior  t o  22 May and con- 
t inuing through 2 June a t  Cape Romanzof i n  1978. 

Both ae r i a l  and shorebased surveys showed t h a t  herring arrived in  areas 
south of the  Yukon River even e a r l i e r  i n  1979. Intense spawning i n  the  
Togiak D i s t r i c t  occurred during the  f i r s t  2 o r  3 days of May, while timing 
based on ae r ia l  survey data alone, i n  the Security Cove-Goodnews Bay area 
was s imilar  to  1978. However, i t  i s  known tha t  some spawning had occurred 
pr io r  t o  mid May in Goodnews Bay a s  l i g h t  spawn was observed on eelgrass 
as ea r ly  as  12 May 1979, when shorebased sampling began. 

Ground s tudies  a t  Nelson Island and Cape Romanzof revealed t h a t  spawning 
occurred pr ior  to  mid May. This i s  based on the  observation tha t  herring 
subsistence catches a t  Nelson Island had been completed by 16 May and the 
presence of eyed herring eggs on 28 May a t  Cape Romanzof. Burns (1 979, 
unpublished repor t )  reported t ha t  herring spawn of l i g h t  density was already 
present along most coastal areas of Cape Romanzof when sampling began on 
12 May. 



Timing differences of spawning stocks in the  eastern Bering Sea i n  1978 and 
1979 compared t o  previous years agree with Prokhorov's (7968) findings f o r  
western Bering Sea herring stocks ; i . e. , ear ly  timing coincided with warmer 
water temperatures on the  spawning grounds. To i l l u s t r a t e  Barton e t  a l .  
(1977) reported peak spawning i n  Metervi k Bay i n  1976 occurred i n  l a t e  May 
and ear ly  June when water temperatures averaged 4" C .  In con t ras t ,  peak 
spawning i n  Metervi k Bay i n  1978 and 1979 occurred i n  mid May and ear ly  May, 
respectively.  Corresponding water temperatures f o r  those periods ranged 
from 6-8" C i n  1978, and averaged 7.8" C i n  1979, respectively.  Similarly,  
spawning and surface water temperatures along coastal areas north of Bristol  
Bay t o  Cape Romanzof were e a r l i e r  than average i n  1978 and 1979. 

Water temperatures measured in  Norton Sound a t  Cape Denbigh from 25 May 
through 7 June averaged 9.5" C and 4.5" C i n  1978 and 1979, respectively.  
That mild spring conditions existed i n  Norton Sound i n  1978 and 1979 i s  
evident from the  absence of sea i c e  during the month of May i n  those years.  
Barton (1978) reports  extensive i c e  coverage i n  Norton Sound throughout the  
f i r s t  week of June i n  both 1976 and 1977 and t h a t  spawning was f i r s t  observed 
a t  S t .  Michael i n  mid  June i n  both years.  He reported t h a t  the  average water 
temperature from Cape Stebbins t o  Tolstoi Point on 12 June 1977 was 1.3" C.  
The water temperature a t  S t .  Michael on 15 June 1976 was 5.6" C (Barton 1977). 

Aerial surveys i n  Norton Sound indicated l i t t l e  difference in  timing between 
herring runs i n  1978 and 1979 a1 though timing was e a r l i e r  than average i n  
both years.  Herring generally a r r i ve  and spawn f i r s t  along the southern 
coast l ine  from Stuar t  Island t o  Tolstoi Point. Spawning apparently occurs 
several days l a t e r  i n  the  Cape Denbi gh area w i t h  herring migration i n  a nor- 
the r ly  di rect ion along the  coast from Unalakleet to  Shaktoolik. I t  cannot 
be inferred t h a t  peak herring abundance and spawning observations of 21 May 
1979 along the  coast  area from Stuar t  Island to  Unalakleet was e a r l i e r  than 
i n  1978, s ince  the f i r s t  survey of t ha t  area i n  1978 was not flown un t i l  25 
May. Commerci a1 spawn-on-kel p operations near S t .  Michael i n  1978 revealed 
herring spawn i n  i n t e r t i da l  areas pr ior  t o  the f i r s t  survey on 25 May. Peak 
herring abundance from Unalakleet t o  Cape Denbigh was estimated t o  occur 
from 28 t o  30 May i n  both 1978 and 1979. Alaska Department of F i s h  and 
Game f i l e s  indicate  t ha t  peak spawning in Norton Sound usually occurs from 
1-14 June. 

Waves of spawning were observed i n  most areas studied i n  1978 and 1979. 
Analysis of herring samples from Metervik Bay i n  both years revealed t h a t  
temporal differences in herring s i z e  and age composition occurred. Older 
herring were the f i r s t  t o  a r r ive  on the  spawning grounds while younger herring 
appeared l a t e r  (Figure 16).  Herring were primarily dominated by age 5 and 
older individuals p r io r  to  mid May, . a f t e r  whi ch 3-year-olds began t o  appear 
in s ign i f ican t  numbers. Kasahara (1961) has pointed out t ha t  (concerning 
Pacific herring) i n  most spawning areas ear ly  spawners have a higher propor- 
t ion of older f i s h .  

D i  s t r i  buti on 

In general,  d i s t r ibu t ion  of spawning herring throughout the study area i n  
1978 and 1979 was consis tent  with previous work conducted by ADF&G (Barton 
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runs observed from 30 A p r i l  through 10 June i n  Me te rv i k  Bay, 1979. 
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e t  a1 . 1977; Barton 1978). However, d i s t r ibu t ion  and occurrence of year1 ing 
herring and other  juvenile age groups i n  coastal  waters of the  eas tern  Bering 
Sea a r e  poorly understood and remains a large gap i n  the data base. Barton 
(1978) reported herring of age groups 0 ,  1 ,  and 2 present i n  s i gn i f i c an t  
numbers i n  the  Port Clarence area i n  1977 from August through freezeup 
(October). In 1978 more than 30% of the herring captured w i t h  var iable  
mesh g i l l  ne ts  a t  Tongue Point were year l ings  (age 1 ). T h i s  age group was 
a l so  present i n  Metervik Bay and Security Cove i n  1978 but i n  l e s s e r  numbers. 
These data from 1978 suggest t h a t  the Hagemeister S t r a i t  area of Br is to l  Bay 
may be a nursery area f o r  year l ing (pre-recrui  t)  herring. Age 1 herring 
were again found a t  Tongue Point and Metervik Bay as we11 as a t  Cape Romanzof 
i n  1979 but only i n  very small numbers. This age group was not found i n  any 
other  area sampled i n  e i t he r  1978 or  1979. 

Age 2 herring were present a t  a l l  areas examined i n  both 1978 and 1979 
except a t  Nelson Island and Port Clarence i n  1978. Limited g i l l  ne t  samples 
suggested this age group was most abundant i n  the  Togiak D i s t r i c t .  However, 
the frequency of age 2 herring i n  limited sampling north of Bering S t r a i t  
near Shishmaref i n  1979 was 22%. I t  was estimated t h a t  74% of age 2 herring 
captured i n  areas south of Bering S t r a i t  were sexually mature i n  1979, while 
only 6% were determined t o  be sexually mature from samples col lec ted north 
of Bering S t r a i t .  Examination of herring samples collected near Shishmaref 
f o r  age, maturi ty,  growth, and stomach contents suggests t h a t  this area may 
be an important feeding region f o r  both juvenile and post-spawning herring. 

Abundance 

Abundance est imates of herring in the  eas tern  Bering Sea a r e  ra the r  l imited 
and d i f f i c u l t  t o  quantify. Attempts have been made t o  est imate herring bio- 
mass by: (1 ) a Soviet hydroacoustic trawl survey; ( 2 )  ecosystem modeling; 
and (3 )  a e r i a l  surveys of spawning biomass. 

The eastern Bering Sea herring biomass was estimated t o  be 2.16 mill ion m t  
based on a Soviet hydroacoustic survey of the  wintering grounds i n  1962-63 
(Shaboneev 1965). Kachina (1 978), using the  same da ta ,  reduced t h i s  e a r l i e r  
est imate t o  0.374 mill ion m t  by using a lower mean school density of 0.5 
fish/m3 compared t o  3.38 fish/m3 used in the  or ig inal  estimate. According 
t o  Shaboneev, schools were surveyed a t  night  and the  area and height of 
schools were mapped acoust ica l ly ;  school composition and age d i s t r i bu t i on  
were determined by trawling. The or ig inal  density (3.38 fish/m3) was 
determined by comparing acoust ic  echograms from the eas tern  Bering Sea t o  
echograms of schools sampled by purse se ines  i n  western Bering Sea coastal 
waters. The revised est imate of 0.5 fish/m3 was based on dens i t i e s  observed 
i n  subsequent surveys of herring concentrations on the  winter  grounds north- 
west of the Pri bi lofs  during 1969-71 (Wespestad, NMFS, Northwest and Alaska 
Fisheries Center, Sea t t l e ,  personal communication). Densities derived a r e  
questionable and cannot be f u l l y  evaluated because few spec i f i c  d e t a i l s  a r e  
avai lable  regarding Soviet survey methods and accuracy. However, data 
reported i n  the 1 i t e r a tu r e  and from i ndividual s involved w i t h  herring hydro- 
acoustic surveys indicate  t h a t  the range of dens i t i e s  used by the Soviets 
may be extreme and an intermediate val ue may be more r e a l i s t i c .  

More recent ly ,  a numerical ecosystem model was applied t o  est imate biomass 
of eastern Bering Sea herring (Laevastu and Favorite 1978). T h i s  model 



estimated herring abundance based on the amount of herring needed t o  sustain 
the d i e t  of herring predators a t  reported rates  of consumption. Modeling 
suggested tha t  a minimum stock s ize of 2.49 million m t  of herring was 
required to  maintain components of the ecosystem, including predators, a t  
a level observed in the mid-1960's prior to  the s t a r t  of intensive fishing. 
However, resul ts  cannot be used for  management since the accuracy of input 
parameters, such as predator population s ize and consumption rates ,  has not 
been suff ic ient ly  eval uated. 

Aerial surveys have been flown by the ADF&G in the past several years along 
the eastern Bering Sea coast during the spawning period and the number of 
f i sh  schools recorded. However, i t  must be recognized tha t  herring abun- 
dance, biomass, and proportion of other f i sh  species are not reflected in 
a mere count of f i sh  schools. Consequently, a l l  1978 and 1979 aer ial  survey 
and associated data were evaluated to  establish methods for  more precisely 
quantifying herring abundance. 

Specific methods used to  interpret  data are predicated upon certain assump- 
t ions,  which i f  not considered, would resu l t  in large errors in estimating 
spawning herring biomass. Consequently, resul ts  are only as valid as the 
assumptions made and measures taken to  account fo r  each. The assumptions 
which have been made are as follows: 

1) That significant changes in herring density among index areas 
occur as a resu l t  of re la t ive  water depth and individual school 
character is t ics ,  necessitating the application of a range of 
biomass conversion factors;  

2) That movement and mixing of pre-spawning, spawning and post- 
spawning herring are substantial ly greater in the Togi ak District  
resulting in a h i g h  chance of double counting f i sh  schools; 

3) That a t  leas t  two important post-spawning migration routes fo r  
adult herring in the Togiak Dis t r ic t  ex i s t :  one i n  a south and 
easterly direction along the Nushagak Peninsula, and one in a 
westerly direction toward Cape Newenham. Such a s i tuat ion would 
also increase the possibi 1 i t y  of double counting f i sh  schools; 

4) That movement and behavior of spawning herring north of Goodnews 
Bay are such tha t  f i sh  abundance can be more easi ly  assessed ( i . e . ,  
a lesser  probability of double counting f i sh  schools); 

5)  That other species of schooling f i sh  (smelt, capelin, and cod) 
coincide with the timing of spawning herring; and 

6)  That schools of juvenile herring occur in certain areas of the 
Togiak Dis t r ic t  during the spawning season, particularly in 
Hagemeister S t r a i t .  

Perhaps the most c r i t i c a l  s tep in estimating biomass from aerial  survey data 
i s  the application of tonnage conversion factors.  The conversion of surface 
area t o  biomass i s  a t  present based upon only three samples of seined herring 



i n  the  Togiak D i s t r i c t :  6.7 m t  and 11.0 m t  per 50 m2 of school surface 
area i n  Nunavachak Bay i n  1978; and 2.4 m t  per 50 m2 in  the  Ungali kthl u k  
Bay i n  1979. Daily ranges in  f i s h  biomass f o r  each index area were obtained 
by multiplying RAI's by the  tonnage conversions shown i n  Table 12. No 
bathymetry charts  e x i s t  f o r  most of the  major spawning areas and none i n  
the areas from where seine biomass observations were made. Actual conver- 
sions varied among areas and were value judgments made by ae r ia l  surveyors 
t o  compensate f o r  differences i n  r e l a t i ve  water depth. 

The l a rges t  probabil i ty of e r ro r  associated w i t h  application of tonnage 
conversion fac tors  ex i s t s  i n  the  Togiak D i s t r i c t ,  pa r t i cu la r ly  in Togiak 
Bay and perhaps along the Nushagak Peninsula. These two areas a re  believed 
t o  be qui te  shallow i n  comparison t o  Nunavachak and Ungali kthluk Bays, 
which possibly accounts f o r  why they are  the  only regions where extremely 
large f i s h  schools (5-20 miles long) were generally observed. Further, 
most ae r ia l  surveys i n  the Togiak D i s t r i c t  were flown a t  o r  near low t ide .  
Fish schools would have a greater  surface a rea ,  i n  shallow water. 

In consideration of assumptions 2 t o  4 above, aer ia l  survey data were analyzed 
i n  an attempt t o  calcula te  the  best  est imate of f i s h  abundance from recorded 
observations. I t  i s general l y  recognized t ha t  the  1 argest  bi omass of herri  ng 
throughout the study area occurs south of the  Yukon River, w i t h  the  greates t  
proportion spawning along a coastal area of about 125 t o  150 km from Kulukak 
Bay t o  Togiak Bay. This r e l a t i ve ly  small coastal area i s  characterized by 
several large bays, incl uding Kul ukak, Nunavachak, and Ungal i kthluk, where 
intense spawning occurs. Two areas,  Togiak Bay and the nearshore waters 
west of the Nushagak Peninsula, a r e  believed t o  be major staging areas f o r  
post-spawning herring pr io r  t o  departure from the Togiak region. This i s  
based on information obtained from the  commercial f i she r i e s  during the past  
few years.  Purse seine catches from these areas consisted mostly of spawned 
out herring. L i t t l e  spawning has been observed i n  these areas compared t o  
other bays i n  the  Togiak D i s t r i c t .  

Mi x i  ng of pre-spawners , spawners, and post-spawners duri ng the  spawning 
season i n  the  Togiak D i s t r i c t  cannot be quantif ied but i s  believed t o  be 
substant ia l .  Because of the  probabi 1 i t y  of e r ro r  associated w i t h  double 
counting f i s h  schools, f i s h  abundance was estimated by analyzing dai ly  ranges 
of biomass f o r  a l l  s i x  areas combined. The best  estimate of t r ue  abundance 
was considered t o  be the highest da i ly  range i n  the  d i s t r i c t .  Fish biomass 
i n  1978 was estimated a t  230,170 t o  411,030 m t  based on r e su l t s  of the 13 
May survey (Table 12).  The 1979 f i s h  abundance estimate was 283,153 t o  
744,021 m t  based on r e su l t s  of the 10 May survey, but because poor survey 
conditions existed i n  Ungalikthluk Bay on t ha t  day and no survey was made 
of the  Matogak index area ,  the  9 May estimate f o r  Ungalikthluk (1,783 t o  
4,978 mt) and the  average of 7 May and 14 May estimates f o r  Matogak (4,075 
t o  8,965) were added t o  the  observed 10 May estimate. Therefore, f i s h  
abundance f o r  the  Togiak D i s t r i c t  in 1979 was estimated t o  be 289,010 t o  
757,874 m t  (Table 13).  I t  should be pointed out t ha t  the  dates on which 
f i s h  abundance was determined do not necessari ly coincide with dates of 
peak spawning i n  the  Togiak D i s t r i c t .  

Most herring spawning in  Norton Sound occurs along a coast l ine  which has a 
re la t ive ly  s t r a igh t  morphology unlike t ha t  of the Togiak D i s t r i c t  which i s  



Table 12. Biomass es t imates  i n  m e t r i c  tons by index area o f  eas te rn  Be r i ng  Sea h e r r i n g  spawning s tocks,  1978. 

F i s h  Biomass Est imates H e r r i n g  Biomass Est imates f 
Conversion 

Index Areas f a c t o r s  Date RA I 1 ow h i g h  1 ow h i g h  

Nus hagak 2.0-6.7 
Kul ukak 6.7-11 .O 
Nunavacha k 6.7211 .02 
Ungal i k t h l  uk 2.426.7 
Toqiak 1 .O-2.0 
~ a t o ~ a k  5.0-11.0 

TOGIAK DISTRICT TOTAL 

S e c u r i t y  Cove 6.7-11 .O 
Goodnews Bay 2.4-3.0 
Nelson I s 1  and 6.7-11 .O 
Cape ~omanzo f  6.7-11 .O 

I 
-P 

YUKON-KUSKOKWIM TOTAL 
m 
I K l  i k i  t a r i  k 5.0-11 .O 

Una lak lee t  5.0-11.0 
Cape Denbigh 5.0-11 .O 
Nor ton Bay 5.0-11.0 
Go lov in  Bay 5.0-11 .O 
B l  u f f  5.0-11 .O 

NORTON SOUND TOTAL 

EASTERN BERING SEA TOTAL 46,432 249,621 446,304 187,210 334,723 

1 These es t imates  have been reduced by 25% t o  compensate f o r  t h e  occurrence o f  non-her r ing  species.  
One h a l f  o f  t h e  Nelson I s l a n d  es t ima te  was used. 
Ac tua l  es t imates  made f rom purse se ine  catches. 



Table 13. Biomass es t imates  i n  m e t r i c  tons by index area o f  eas te rn  Be r i ng  Sea h e r r i n g  spawning stocks, 1979. 

F i s h  Biomass Est imates H e r r i n g  Biomass Est imates1 
Conversion 

Index Areas f a c t o r s  Date RA I 1 ow h i g h  1 ow h igh  

Nus haga k 2.0-6.7 511 0 76,783 153,566 514,446 115,174 385,834 
Kul ukak 6.7;11 .02 511 0 12,312 82,490 135,342 61,867 101,574 
Nunavachak 6.7;11 .O 5/10 2 1 140 231 105 173 
Ungal i k t h l  uk 2.4-6.7 519 743 1,783 4,978 1,337 3,733 
Togiak 1 .O-2.0 511 0 46,956 46,956 93,912 35,217 70,434 
Matogak 5.0-11 .O  5/7,1 43 81 5 4,075 8,965 3,056 6,723 

TOGIAK DISTRICT TOTAL 137,630 289,010 757,874 21 6,756 568,471 

S e c u r i t y  Cove 6.7-11 .O 
Goodnews Bay 2.4-3.0 
Nel son I s 1  and5 6.7-11 .O 
Cape Romanzof 6.7-11 .O 

I YUKON-KUSKOKWIM TOTAL c 
K l  i k i  t a r i  k 5.0-11 .O 
Una lak lee t  5.0-11 .O 
Cape Denbigh 5.0-11 . O  
Nor ton Bay 5.0-11 - 0  
Go lov in  Bay 5.0-11 .O 
B l u f f  5.0-11 .O 

NORTON SOUND TOTAL 

EASTERN BERING SEA TOTAL 

These es t imates  have been reduced by 25% t o  compensate f o r  t h e  occurrence o f  non-her r ing  spec ies w i t h  t h e  
excep t ion  o f  S e c u r i t y  Cove. 
Ac tua l  es t imates  made f rom purse se ine  catches. 
The recorded RAI 's  on 7 and 14 May were averaged (815) t o  es t ima te  abundance i n  t h e  Matogak index  area. 
These es t imates  have n o t  been reduced by 25% s ince  l a r g e  concent ra t ions  o f  c a p e l i n  were exc luded f rom 
t h e  14 May survey  i n  t h e  S e c u r i t y  Cove i ndex  area. 
The 1978 es t imates  were used. 



characterized by bays and coves. Schools of herring may be scat tered fo r  
nearly 800 km from Stuar t  Island t o  Port Clarence and herring abundance i s  
qu i te  small i n  comparison to  t ha t  i n  the  Togiak area. The movement of f i s h  
schools through areas i n  Norton Sound is  considered t o  be more readi ly  
detectable.  Fish biomass f o r  each index area was assessed a s  the  highest 
range of da i ly  biomass estimates plus additional estimates separated tempor- 
a l l y  from the  highest estimate by 10 t o  15 days. In other words, schools 
observed within 10 t o  15 days of one another i n  each index area were gener- 
a l l y  considered t o  be the  same f i sh .  Fish abundance i n  Norton Sound was 
assessed a t  6,385 t o  14,047 m t  in 1978 and 9,300 t o  20,460 m t  i n  1979 (Tables 
12 and 13).  

Fish biomass i n  the Nelson Island index area was evaluated i n  the  same manner 
as in Norton Sound and estimated t o  be 7,229 t o  11,869 m t  in 1978 (Table 13).  
Since ae r i a l  survey conditions were such t h a t  no estimates of f i s h  abundance 
could be made a t  Nelson Island in  1979, the  1978 estimate was used (Table 13).  
Excluding Nelson Island and Cape Romanzof, r e su l t s  showed an increase i n  f i s h  
biomass from 1978 t o  1979 a t  a l l  o ther  coastal  spawning areas.  Shorebased 
studies a t  Nelson Island i n  1978 and 1979 suggested the same phenomenon 
occurred there.  This increase was substantiated by local subsistence f i sh-  
ermen. Consequently, the  1979 estimate f o r  Nelson Island may be conservative. 

No estimate of f i s h  abundance i n  the  Cape Romanzof index area could be made 
from aer ia l  survey data i n  e i t he r  1978 o r  1979. In both years f i s h  biomass 
was considered t o  be a t  l e a s t  one half of t h a t  a t  Nelson Island, o r  about 
3,611 t o  5,929 m t  (Tables 12 and 13).  These estimates may a lso  be conser- 
vative since shorebased sampling a t  Cape Romanzof suggested a t  l e a s t  as much 
spawning took place there as a t  Nelson Island based on observations of spawn 
deposition. 

Fish biomass i n  the  Goodnews Bay and Security Cove index areas was estimated 
as  the highest da i ly  range of biomass i n  each index area. 

A very c r i t i c a l  f a c to r  which must be considered i n  assessing herring abundance 
from ae r i a l  survey observations i s  the  occurrence of other f i s h  species,  the 
timing of which coincides with herring spawning runs. Such species include 
capelin,  smelt,  sand lance, and possibly cod. No ae r i a l  surveyor can con- 
s i s t e n t l y  dist inguish between these species;  a t  bes t ,  there  a r e  a few instances 
when capelin schools can be accurately d i f fe ren t ia ted  from other species. 
Such occasions usually a r i s e  when schools a r e  observed immediately adjacent 
t o  sand and gravel beaches, pa r t i cu la r ly  i f  observed i n  the surf  zone. Beach 
stranded capelin carcasses a r e  often v i s i b l e  under such circumstances. 

That species composition and iden t i f i ca t ion  i s  a problem throughout the  study 
area i s  borne out by the f a c t  t ha t  commercial ae r ia l  spot ters  mistakenly 
directed t h e i r  purse se iners  t o  schools of f i s h  in  the Togiak D i s t r i c t  i n  
1979 t h a t  resul ted i n  catches of capelin and smelt. Capelin were a l so  mis- 
taken fo r  herring i n  the Norton Sound area in 1979. On one occasion, near 
Cape Denbigh, schools of cod were mistaken f o r  herring by a commercial ae r ia l  
spo t te r .  

The National Marine Fisheries Service investigated herring i n  Norton Sound 
and the Chukchi Sea in  1976 and a l so  reported on the occurrence of herring 



and other pelagic species i n  southeastern Bering Sea demersal f i s h  surveys 
i n  1975 and 1976 (Wolotira e t  a l .  1977; Pereyra e t  a l .  1976). No inferences 
can be made from these surveys on the  proportion of pelagic species s ince  
sampling was designed t o  examine demersal f i s h  populations. However, herring 
and smelt were generally found throughout the  survey areas and often mixed, 
par t i cu la r ly  i n  the  f a l l .  

More recent investigations by Laevastu and Favorite (19781, as pointed out 
above, have estimated eastern Bering Sea herring biomass a t  2.49 mill ion 
m t .  They fur ther  estimated the  biomass of other pelagic f i s h  species ,  con- 
s i s t i n g  primarily of capelin and sand lance, t o  be 3.9 mill ion m t  based on 
the  same ecosystem model. They s t a t e  t h a t  capelin and sand lance cons t i tu te  
an important food source i n  the  Bering Sea based on stomach analysis  of 
mammal and f i s h  predators. 

Capelin in  large numbers have been observed t o  spawn a l l  along the western 
coast  i n  shallow water, the  timing of which coincides somewhat w i t h  spawn- 
ing herring runs (Barton e t  a1 . 1977; Barton 1978; Baxter 1975 unpublished) . 
These data support the concept of reducing f i s h  biomass estimates t o  compen- 
s a t e  f o r  the  presence of non-herring species t o  estimate herring biomass 
from aer ia l  survey data. Unfortunately, data are  not avai 1 able regarding 
the  exact proportion of herring, capelin,  smelt,  and other non-herring pela- 
g ic  species occupying nearshore coastal  waters during the  spring.  

Although g i l l  nets a r e  an e f fec t ive  method of capturing f i s h ,  i t  i s  realized 
t ha t  several fac to rs  a f f ec t  t h e i r  use and eff ic iency.  Mesh s i ze  and dimen- 
s ions ,  duration and depth f ished,  f i s h  s i z e  and morphology, and s i ze  of t ee th  
and mouth par ts  a re  probably most important. However, f o r  lack of more def i -  
n i t e  data on the  species composition of f i sh  schools observed from the  a i r ,  
catch data from the  t e s t  g i l l  nets were u t i l i zed .  The percent composition of 
herring captured i n  var iable  mesh g i l l  ne t s  i n  1979 i s  shown by location i n  
Table 14. 

The proportion of herring ranged from 53 t o  96% among the  areas sampled and 
averaged 76% for the  areas combined. The remaining 24% consisted of 12% 
capelin,  9% smelt,  and 3% cod. The proportion of capelin may possibly be 
low a s  Ricker (1975, p. 72) points ou t ,  "experimental [variable mesh] g i l l -  
nett ing over many years has shown t h a t  real ly  small meshes catch f a r  fewer 
f i sh  than somewhat larger  ones, whereas f i s h  of the  s izes  best caught by 
small meshes must generally be more numerous than larger  ones". On the  
other hand, the t rue  proportion of smelt may be over estimated from g i l l  
net  catches. Most smelt captured were Arctic smelt (Onmehucl den;tex) which 
have large  canine t e e t h ,  possibly making them more vulnerable t o  g i l l  nets .  

The above data exclude catches of o ther  species such as pricklebacks (SfichaQ/ida~],  
flounder, greenlings (Hmgnammidae), and co t t i d s  (Co&tidae); those not l ike ly  
t o  be observed from a i r c r a f t .  The overall  proportion of herring captured i n  
1978 w i t h  t e s t  nets throughout the  study area was 75%. Unfortunately, neither 
the  ae r i a l  survey nor the  t e s t  f i shing data base i s  such t h a t  would permit 
applying a percent species composition f ac to r  t o  each index area f o r  the  
en t i r e  season, much l e s s  on a dai ly  basis .  Consequently, the average percent 
composition was considered as  the basis  f o r  making adjustments t o  ae r i a l  
counts t o  compensate f o r  the  occurrence of non-herring species. 



Table 14. Variable mesh g i l l n e t  ca t ch ,  t o t a l  f i s h  and he r r ing ,  and percent 
herr ing , 1979. 

Total % Composition 
Tes t  Fish S i t e  Total Catch Herri ng Catch Herring 

Metervi k Bay 5,098 3,166 62 

Tongue Point  3,304 3,036 9 2 

Goodnews Bay 

Nelson Island 

Cape Romanzof 

Cape Denbigh 

Port  Clarence 320 307 9 6 

TOTAL 18,359 14,014 76 



To obtain an estimate of herring biomass i n  1978 and 1979 shown in  Tables 
12 and 13, the  range of biomass estimates has been reduced by 25% f o r  each 
index area ,  w i t h  the  exception of Security Cove f o r  1979 (Table 13). Fish 
biomass i n  the  Security Cove index area was estimated on 14 May 1979; the  
ae r ia l  survey i n  which large concentrations of capelin were excluded. Con- 
sequently, no reduction was made of t ha t  range i n  estimates of herring 
abundance. 

Estimates of herring biomass a re  considered t o  be the  spawning biomass, 
although there  was some evidence gathered during the  course of these s tudies  
which suggests t h a t  ce r ta in  areas i n  the  Togiak D i s t r i c t  a re  occupied by 
an unknown proportion of juvenile herring. No measures have been taken to  
compensate f o r  t h i s  possi bi 1i t y  due t o  the  lack of precise data.  I f  juveni l e  
herring were present i n  great  numbers on the spawning grounds then the  e s t i -  
mates of spawning biomass presented here may be high. 

Age Composition and Recruitment 

The requirements f o r  an idealized sampling scheme t o  determine population age 
s t ruc tures  i n  a l l  major eastern Bering Sea spawning locations were not met 
i n  t h i s  study. The primary sampling tool used, the  var iable  mesh g i l l  ne t ,  
i s  biased i n  some circumstances, a s  sampling e f f o r t  was not spread i n  a 
weighted fashion throughout the  spawning runs a t  sampling s i t e s ,  and sample 
s izes  were inadequate in some instances. 

The variable mesh g i l l  net  was chosen f o r  t h i s  study t o  provide a standard 
gear type t h a t  could be u t i l i zed  i n  pa r t s  of the study area where purse 
se ines  were not ,  o r  could not be used by the commercial f l e e t ,  and i n  areas 
closed t o  the  use of purse seines.  Gill nets a re  inexpensive, e a s i l y  t rans-  
ported, and ea s i l y  fished by small crews from small watercraft .  Sampling 
was possible in many remote major spawning locations t ha t  otherwise would 
not have received a t t en t ion .  

On the  other  hand i t  must be noted t ha t  data collected with var iable  mesh 
g i l l  nets  have ce r ta in  l imi ta t ions .  I t  i s  inappropriate,  f o r  example, t o  
use catch per u n i t  of e f f o r t  data from t h i s  gear type as an indicator  of 
abundance. Schooled pelagic f i shes  can quickly sa tu ra te  avai lable  meshes 
of the  appropriate s i z e  i f  they happen t o  move i n to  a s e t .  

Species composition data may a l so  be inaccurate because of the  r e l a t i v e  
catchabil i t y  of ce r ta in  school ing species. Cape1 i n ,  f o r  example, because 
of t h e i r  fusiform morphology, are  not sampled i n  proportion t o  t h e i r  actual 
occurrence s ince  they gi 11 a t  a low r a t e .  

With regard t o  herring population age s t ruc ture ,  a sampling problem ex i s t s  
when a wide range of age c lasses  a re  present and a large proportion are  
smaller ,  younger (age 3 and l e s s )  f i sh .  In such instances,  variable mesh 
g i l l  nets  may underestimate the  actual  frequency of small f i s h  i n  the pop- 
ul a t ion and overestimate l a rger  ones (Ricker 1975). 

Results i n  1979 indicated t h a t  t h i s  s i z e  s e l ec t i v i t y  may have been a problem 
i n  some areas.  Comparison of g i l l  net and purse seine samples taken i n  the  



Tongue Point area showed no difference in age composition between gear types 
(Table 11 ). However, a predominant proportion of that  population was, dur- 
ing the sampling period, age 5 herring. Age 5 and older age classes comprised 
greater than 69% of the samples from both types of gear. However, a t  Metervik 
Bay, purse seine catches sampled on 24 May consisted of a high proportion 
(72%) of age 3 herring, while g i l l  net catches in the area a t  the same time 
measured a s ignif icant ly (PC 0.01 ) lower proportion (37%) of tha t  age. 

Clearly, the strength of pre-recrui t age classes of herring, (ages 1 ,  2 
primari ly)  was not adequately measured by inshore sampling methods. A1 though 
they may occur in feeding concentrations inshore along the inner Bering Sea 
she l f ,  they have not been located. There are some preliminary indications 
that  juvenile herring may occur i n  numbers in the vicini ty  of Tongue Point 
and Hagemeister S t r a i t  area of Bristol Bay. Locating and assessing the abun- 
dance of juvenile herring may require the use of trawl survey methods similar 
t o  those uti l ized in the North Sea (Dragesund 1970). Until pre-recruit herring 
can be assessed, the strength of recruiting year classes cannot be predicted 
wi t h  accuracy. 

Regarding the val idi ty  of existing age composition data i n  the present study, 
i t  i s  recognized tha t  inherent l imitations r e s t r i c t  the interpretations tha t  
can be made. However, i t  i s  f e l t  t ha t  while the analysis may underestimate 
age 2 and 3 herring in some locations and a t  certain times during the period 
of the r u n ,  i t  i s  suff ic ient ly  sensit ive to  detect major year c lass  strengths 
and weaknesses, especially in the fu l ly  recruited age classes.  The age struc- 
ture of the en t i r e  spawning population a t  each sampling location i s  not 
precisely known. However, resul ts  infer  strongly tha t  re lat ively strong 
year classes ex i s t  from 1974 in  a l l  areas. The 1976 year class was strong 
in Bristol Bay and Norton Sound and the 1972 year class was strong north of 
Cape Newenham. Further, resul ts  infer  tha t  weak age classes existed from 
the 1973 and 1975 brood years i n  a l l  areas. Only in Port Clarence did age 
classes older than 7 contribute in a s ignif icant  way to  the population, 
probably because the popul ation has been subjected t o  very 1 i t t l e  f i s h i  ng 
pressure, which tends t o  selectively remove larger herring. 

I t  i s  anomolous tha t  the 1972 year c lass  figured prominently in  the 1978 Cape 
Denbigh g i l l  net samples, b u t  not in 1979. The most plausible explanation 
for  the fa i lure  of the year c lass  to  appear strongly in 1979 i s  tha t  severe 
stormy weather prevented g i l lne t t ing  operations 5-7 days a f t e r  peak commer- 
c ia l  catches were made in the area. Due t o  the known tendency for  older 
herring to  arr ive and spawn before younger age classes,  i t  i s  reasonable to  
assume tha t  the 7-year-olds had spawned and moved offshore by the time g i l l -  
netting commenced. 

Relative year c lass  abundance observed in  t h i s  study in 1978 and 1979 i s  sub- 
s tant ia ted by Naumenko (1979, unpublished). This work analyzes foreign 
fishery catches offshore i n  the wintering areas of eastern Bering Sea herring 
since 1947. The 1972, 1974, and 1976 year classes are indicated as relat ively 
large compared to  1973 and 1975, with the 1974 year class the most abundant 
since 1967. 

Ultimate causes of year c lass  survival and abundance are  not fu l ly  understood. 
Many Soviet and American sc ien t i s t s  believe tha t  heat budget variations in 



the Bering Sea play a role in determining survival values, particularly f o r  
pre-recruit herring. There appears to  be good correlation between the sur- 
vival of juvenile herring and the influx of warmer Pacific Ocean water into 
the Bering Sea (Naumenko 1979, unpubl ished) . Laevastu and Favorite (1 978) 
point out that  herring year class survival i s  more dependent upon internal 
ecosystem consumption factors than upon the actual s ize of the spawning 
escapements. I t  seems clear  that  internal ecosys tem consumpti on rates  
would in t u r n  be influenced by the oceanographic effects  of warm and cold 
water masses. Warmer water temperatures in the Bering Sea over the past 3 
years could we1 1 favor the survival of the next recruiting year class from 
1977. 

Foreign trawl catches of Bering Sea herring peaked in the l a t e  1960's and 
declined rapidly a f t e r  1971. Length and age frequency data indicate tha t  
those catches were composed of larger and older herring than have been 
observed i n  inshore catches of recent years (Wespestad 1978, unpubl i s  hed) . 
This suggests tha t  the foreign fishery was based upon strong year classes 
known to have been produced in 1960, 1962, and perhaps as early as 1957 and 
1958. Poor recruitment during the early and middle 1970's and overfishing 
on few strong year classes apparently produced decreased herring abundance 
and a greatly reduced foreign catch and e f fo r t  a f t e r  the peak years. Increased 
recruitment of the 1972, 1974, and 1976 year c lasses ,  coupled with reduced 
mixed stock foreign f isheries  in the Bering Sea are  probably responsible for  
the observed increase in abundance in 1978 and 1979. The early foreign f ish-  
ery was based upon previously unexploited stocks and since the decline in the 
offshore fishery, catch s t a t i s t i c s  to  compare present abundance are not avail-  
able. In addition the spawning biomass was not surveyed adequately in those 
years and, therefore, i t  i s  not possible to  compare recent biomass estimates 
w i t h  the l a t e  1960's and early 1970's. I t  cannot be stated with assurance 
that  present biomass levels are  of the magnitude of those prevailing from 
1968-1971, b u t  the available evidence indicates tha t  herring stocks in the 
eastern Bering Sea are a t  t he i r  highest levels since tha t  period. 

Maturi ty 

Ripening of mature eastern Bering Sea herring as evidenced from spawn timing 
i s  apparently advanced by warm sea temperatures. The onset of sexual matur- 
i ty  in young herring may also be advanced by warm seas. Rumyantsev and Darda 
(1970) in 1964 found tha t  eastern Bering Sea herring stocks become mature 
primarily a t  ages 3 (50% mature) and 4 (78% mature). They found tha t  95% 
of the age 5 herring were mature. Barton (1978) found essent ial ly  the same 
for  spawning stocks in Norton Sound and Port Clarence in 1976 and 1977. 

Based on g i l l  net sampling, nearly 74% of the age 2 herring captured through- 
out the study area in 1979 were determined t o  be sexually mature, while 95% 
of age 3 were mature (Table 9).  These data suggest a greater than average 
spawn production from these two age groups in 1980. Such an occurrence may 
be more l ikely in the Bristol Bay area since about 75% of age 2 herring cap- 
tured in 1979 were from th i s  region. 

Maturity data collected near Shishmaref in 1979 suggests that  sexual maturity 
of herring in t h i s  region may occur l a t e r  in l i f e  than herring stocks further 



south. Although data show 94% age 4 herring t o  have been mature, not a 
s ing le  age group was found t o  be 100% mature unt i l  age 8 (Table 9) .  Barton 
(1978) captured 16 herring near Shishmaref in  1977 i n  mid July and 15 of the  
f i s h  were found t o  be age 5; a l l  were determined t o  be sexually immature. 

Stock Investigations 

Grant (1979) found no evidence of d i s t i n c t  genetic stocks of herring i n  the  
central  par t  of the  eastern Bering Sea based on an e lect rophoret ic  analysis  
of samples col lected i n  1978 a t  f i v e  coastal spawning areas from Bristol  Bay 
t o  Port Clarence. However, t h i s  analysis  did indicate  t h a t  herring from 
Port Clarence may be d i f f e r en t  from herring fu r ther  south o r  a l t e rna te ly  
may contain f i s h  from an Arctic group. He a lso  found t h a t  separation of 
Bering Sea and Gulf of Alaska herring was possible. Additional herring 
samples were collected i n  1979 from nine coastal spawning areas from Bristol  
Bay t o  Kotzebue Sound f o r  subsequent e lect rophoret ic  analysis .  Results a r e  
pendi ng . 
As par t  of this study, standard and fork length re la t ionships  and length-at- 
age re la t ionships  of herring from various spawning areas were analyzed. A 
t o t a l  of 2,276 herring were examined f o r  fork and standard length comparisons. 
Samples were represented by herring from eight  coastal areas collected from 
1977 through 1979 from Bristol  Bay t o  Kotzebue Sound. Results were plotted 
and l i nea r  regression calculated f o r  each sex by area.  No s ign i f ican t  d i f f e r -  
ence between males and females was observed a t  any area (P< 0.05). Further 
analysis  revealed the  slope and in te rcep t  of the  regression plotted f o r  
Tongue Point samples di f fered s ign i f ican t ly  ( P <  0.05) from those plotted 
f o r  samples collected from two areas north of Bering S t r a i t .  No s ign i f ican t  
d i f ference between Tongue Point samples and those examined a t  Goodnews Bay, 
Nelson Island,  o r  Port Clarence was observed. 

The r e su l t s  of standard t o  fork length analysis  compare favorably w i t h  r e su l t s  
of analysis  of size-at-age. The mean size-at-age of herring sampled from 
Bristol  Bay to  Norton Sound were s imi la r ,  although size-at-age was found t o  
progressively decrease i n  a northerly di rect ion (Table 10 and Figure 5 ) .  
Mean size-at-age of herring sampled a t  Port Clarence, Shishmaref, and i n  
Kotzebue Sound were s ign i f ican t ly  smaller. Barton (1978) suggested t ha t  
spawning herring i n  the northeastern Bering Sea and north may be d i s t i n c t  
from those found i n  more southern areas. Mean size-at-age of herring along 
the western coast of North America to  Bristol  Bay increases progressively 
from Br i t i sh  Columbia t o  the  Bristol  Bay and Yukon-Kuskokwim Delta area of 
Alaska and then decreases northward t o  Bering S t r a i t .  Rounsefel 1 (1 930) 
reported s imilar  r e s u l t s  using mean number of herring vertebrae.  

Further evidence t ha t  herring north of the  Yukon River Delta d i f f e r  from 
those south of the Delta was observed from differences i n  sca le  character-  
i s t i c s  (Rowel 1 , ADF&G, Juneau, personal communication). Herring scale  
analysis  may be a potential  method f o r  examing stock differences within the  
Bering Sea and t h a t  research should be pursued. 



Spawning Habitats and Egg Mortality 

Information gathered on herring spawning habi ta ts  during the  course of these 
investi  gations agreed w i t h  previous s tudies  i n  the eastern Bering Sea (Barton 
1978). Two habi ta t  types were found: exposed rocky headlands where spawn 
was deposited on fucun, the  dominant i n t e r t i da l  vegetation; and shallow 
lagoons and bays where spawning occurred primari l y  i n  shallow subtidal zones 
on Z o s k m .  Rocky headlands a re  f a r  more extensive than bays and i t  i s  t h i s  
type t h a t  i s  used the  most extensively f o r  spawning i n  the  eastern Bering 
Sea. Goodnews Bay and the  Port Clarence-Grantley Harbor complex were the  
only areas examined i n  1978 and 1979 w i t h  charac te r i s t i cs  of the second habi- 
t a t  type. By con t ras t ,  i t  i s  estimated t h a t  approximately 275-300 km of 
rocky coast l ine  occurs from north Bristol  Bay to  cape Romanzof, while more 
than 400 km characterize most of Norton Sound from Stuar t  Island t o  Cape 
Nome. Spawning herring u t i l i z e  t h i s  habi ta t  over most of the  e n t i r e  range. 

The extent  of subtidal spawning throughout the  e n t i r e  study area i s  not known, 
nor i t s  s ignif icance re la ted to  t ha t  of i n t e r t i da l  spawning. However, i t  i s  
known t o  occur as evidenced from the  frequent occurrence of storm-washed, 
spawn-covered plant  subst ra tes  such a s  fucun and ZasXaa, and t o  a l esse r  
extent  Lu~vzahiu. 'The avai labi  l i  t y  of su i tab le  spawning subst ra tes  may be 
a major l imiting f ac to r  on the  biomass of spring herring runs to  the  Norton 
Sound region. 

Excluding predation, our s tudies  revealed t ha t  loss of spawn through disrup- 
t ion  of habi ta ts  from spring storms was s ign i f ican t  i n  most a reas ,  while 
heavy loss  a t  Cape Romanzof was a t t r ibu ted  t o  desiccation of f u c ~  and eggs 
from excessive exposure t o  sunlight  and wind during periods of low t i de .  
Highest mortal i ty a t  Nelson Island was observed on spawn deposited on bare 
rocks and exposed a t  low t i de .  

Effects of Harvests on Stock Strength 

Harvest of sac roe herring from the  Bering Sea to ta led 7,300 m t  i n  1978 and 
11,800 m t  i n  1979. These harvests cons t i tu te  2.2 t o  3.9% and 1.8 t o  4.6% 
of the  estimated spawning herring biomass ranges described in  t h i s  report .  
The highest exploi ta t ion r a t e ,  7.6 t o  16.8%, occurred i n  the  Norton Sound 
Di s t r i c t  i n  1979 (Table 15).  Although these ra tes  of exploitat ion a re ,  
w i t h  the  possible exception of Norton Sound, well below those which have 
been permi t t ed  i n  the  management of most other Pacif ic  herring f i s h e r i e s ,  
the rapid r a t e  of development of Bering Sea herring f i she r i e s  and the  inade- 
quate knowledge of the stocks warrant a conservative management approach. 
Consequently, i n  view of the variables associated with determining herring 
biomass from aer ia l  surveil lance,  the  low range of estimates presented i n  
t h i s  report  are  considered as the best estimate of spawning biomass. 

Further, in the Togiak and Norton Sound Dis t r i c t s  spawn-on-kel p f i she r i e s  
occur which have fu r ther  d i r e c t  and perhaps ind i rec t  e f f ec t s  on herring 
populations. The spawn-on-kelp harvest i n  the  Togiak D i s t r i c t  i n  1979 
removed roughly the  equivalent of spawn production from 1,700 m t  of herring 
(McBride and Clark 1979, unpublished). The Norton Sound 1979 spawn-on-kelp 
harvest was only 12 m t  (equivalent t o  the  spawn production of about 110 m t )  . 



Table 15. Biomass (mt) ,  nearshore commercial harvest  and exp lo i t a t ion  r a t e  of eas tern  Bering Sea 
herr ing in  1978 and 1979. 

Area 
Commercial Herring Biomass Estimates 

Year Harvest (mt) low high 
Exploi tat ion 

Rate ( % )  

Togiak D i s t r i c t  

Secur i ty  Cove- Goodnews Bay 1978 259 9,798 15,918 1 .6  - 2.6 

Norton Sound D i s t r i c t  1978 14 4,787 10,534 0.1 - 0.3 

Total 1978 7,303 187,210 334,723 2.2 - 3.9 

Togiak D i s t r i c t  1979 10,115 21 6,756 568,471 1 .8  - 4.6 

Secur i ty  Cove-Goodnews Bay 1979 

Norton Sound D i s t r i c t  1979 1,173 6,973 15,343 7.6 - 16.8 

To t a  1 1979 11,754 258,079 637,583 1 .8  - 4.6 

The exp lo i t a t ion  r a t e  on subs is tence  caught herr ing was l e s s  than 0.5% i n  both 1978 and 1979. 



Subsistence harvests removed l e s s  than 0.05% of the  estimated eas tern  Bering 
Sea herring biomass (lower range) i n  both 1978 and 1979. 

CONCLUSIONS 

1.  Spawning of the  Paci f ic  herring occurs discontinuously along the  coast-  
l i n e  of the eas tern  Bering Sea from Bristol  Bay t o  Bering S t r a i t ,  com- 
mencing i n  l a t e  April and May i n  the Togiak D i s t r i c t  and progressively 
l a t e r  t o  the  north. 

2. Post-spawning herring appear t o  concentrate i n  "staging areas"  in  the 
Togi ak and Nushagak sect ions  of the Togiak D i s t r i c t .  Year1 ing herring 
were abundant i n  variable mesh g i l l n e t  catches i n  the  Hagemeister S t r a i t  
area of Bristol  Bay, suggesting this region t o  be an important feeding 
ground f o r  juvenile herring. 

3. Arrival of herring on the spawning grounds and peak of spawning were 
generally e a r l i e r  than normal i n  both 1978 and 1979 and may have been 
the  r e s u l t  of warm winter and spring water temperatures i n  the  Bering 
Sea. 

4. Temporal d i f ferences  in  spawn timing occur between age c lasses  i n  the  
eas tern  Bering Sea, w i  t h  01 der herri  ng a r r i v i  ng before younger herring. 

5. The r e l a t i ve  abundance of Paci f ic  herring i n  the nearshore waters of 
the  eas tern  Bering Sea increased from 1978 t o  1979 based on ae r ia l  e s t i -  
mates of biomass. 

6. Herring abundance on the  spawning grounds of the  eas tern  Bering Sea i s  
expected t o  be high again i n  1980 based on t h e i r  high abundance i n  
1978 and 1979, s t rong recruitment from the 1974 and 1976 year c lasses ,  
and probable strong recruitment of the  1977 year  c l a s s .  

7. Sexual maturi ty of herring i n  the  eas tern  Bering Sea i s  a t ta ined p r i -  
marily a t  age 3 o r  4. A high proportion of age 2 herring were found 
t o  be mature i n  1979 which may have resulted from warmer winter and 
spr i  ng sea temperatures. 

8. Studies of the s e l e c t i v i t y  of var iable  mesh g i l l  nets  and purse se ines  
t o  herring s i z e  and age suggest t h a t  i n  some instances var iable  mesh 
g i l l  nets  may underestimate the  actual  frequency of small f i s h  i n  the  
population and overestimate l a rger  ones. However, in  view of the small 
sample s i z e s  obtained, more s tud ies  may be warranted. 

9. Herring stocks a re  deemed "healthy" a t  the  present time due t o  recent  
increases i n  recruitment and the reduction of foreign offshore,  mixed 
stock f i she r i e s .  Fisheries impacts wil l  be most severe upon older  
year c lasses  of herring such a s  the 1972 and 1974 year c lasses .  

10. Rockweed ( F u c u  sp . )  i s  the  primary i n t e r t i da l  herring spawn subs t ra te  
i n  the  eas tern  Bering Sea. Eelgrass (ZosXma sp . )  i s  the  primary spawn 
subs t ra te  where herring spawn sub t ida l ly  i n  shallow lagoons. 



11. Mortality of i n t e r t i da l  spawn was a t t r ibu ted  t o  predation by bi rds ,  
f i shes ,  crabs,  and snai 1s , and desiccation,  freshwater immersion from 
snow me1 t ,  wave action during storms, and to  comerci  a1 spawn-on-kel p 
harvest. Loss of herring spawn and spawn substra tes  due t o  winter 
and spring storms and ice  scouring was possibly very substant ia l .  

12. Analysis of herring size-at-age indicated t ha t  herring spawning north 
of Norton Sound a re  slower growing from those spawning south of Norton 
Sound. Herring i n  the  Chukchi Sea appeared t o  a t t a i n  sexual maturity 
a t  an older  age on the average than those i n  the  Bering Sea. 
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